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HOW TO USS PERMISSIBLE EXPLOSIVES PROPERLY2/ 
By D. Harringtone/ and &. P. Howe112/ 
INTRODUCTION 


Probably cver 95 percent of the coal production of the United States 
depends upon the use of explosives before it can be placed in the railroad 
car at. the mine, and up to the present time it has been impossible to ob= 
tain any kind of practicable explosive that isn’t dangerous unless handled 
carefully. In other words, no "foolproof" explosives have been found to 
date, and inspection of the accident records of the coal mines of this 
country indicates that the use of explosives in coal mines has yaten a sad 
toll of lives, 


ACCIDENTS FROM EXPLOSIVES IN COAL MINES 


Of the 2,000 to 2,500 persons killed annually in the coal mines of the 
United States, 100 to 125 have been killed from explosives without an explo= 
sion of gas or dust; these accidents have been due to misfires, hangfires, 
premature blasts, or accidental setting eff of explosives through careless~ 
ness or otherwise (but chiefly through carelessness in some form). In this 
type of accident the flame character of the explosive is not necessarily in- 
volved, although an unexpected or premature blast is initiated much more | 
easily with black blasting powder, which has a long flame, than with a per 
missible explosive, which has a flame much shorter and of briefer duration. 
By far the greater number of such accidents are caused by black blasting | 
powder or dynamite rather than by permissible explosive, 


_ Although the hazard from premature blasts is much greater with lone 
flame black blasting powder than with short-flame permissible explosives 
(and this alone should outlaw black blasting powder frem coal mines) by far 
the greater hazard from long-flame explosives (black blasting powder) is 
found in tho fact that about one third of our coalsmine explosions have been 
initiated by blown<out shots or other effect of misuse of explosives, and at 
least 90 percent of these have been due to black blasting pewder. In some 


1/ The Bureau of Mines will welcome reprinting of this paper, provided the 


following footnote acknowledgment is used; "Reprinted from U.S. Bureau 
of Mines Information Circular 6871." : | 

2/ Chief engineer, Safety Division, and Chief, Health and Safety Branch, U.S. 
Bureau of Mines, Washington, D.C. 

3/ Explosives engineer, Safety Division, U.S. Bureau of Mines, Pittsburgh, Pa. 
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regions with a record of numerous explosions blown-out shots (chiefly of 
black pewder but occasionally of dynamite) have caused two thirds of the 
disasters. In addition, innumerable fires have been caused by black pow 
der or dynamite shots in coal mines; one mining company operating fewer 
than 10 mines had a record (covering a period of several years) uf more 
than 1 fire a week from blasting wth black powder or dynamite cr a mixture 
of the two. 


Of the coal~mine explosions investigated by the United States Bureau 
of Mines, 1910 to November 1926, involving 144 disasters with 5,756 fatali- 
ties, 80, or about 56 percent, were from blown~out shots, and it is thought 
that black blasting powder was responsible for at least 70 of the 80. 


Tho record as regards responsibility for coal~mine explosions by no 
means favors explosives; this fact was recognized more than 2O years ago. 
The problem was one of the most pressing that confronted the Bureau of Mines 
upon its creation in 1910; the Bureau therefore began a vigorcus study of 
the nature of explosives and made tests to determine their suitability for 
us6 in coal mines, developing what is kmown as its "permissible explosives" 
list, though "short-flame" explosives were being used to a limited extent 
at least as early as 1902. 


A permissible explosive is one that has passed certain tests conducted 
by the United States Bureau of Mines at the Explosives Experiment Station, 
Bruceton, Pa. After the explosive has passed these tcsts it is placed on 
the cfficial list of explcsives permissible for use in coal mines and may 
be sold as a permissible explosive. The word "permissible" refers not only 
to the explosive itself but also to the method cf using the explosive under 
ground. Thus, in addition to specifying that the explosive actually used 
should be similar in all respects to the sample submitted by the manufacturer 
for test, the Bureau specifies the use of electric detonators and states 
that the explosive must not be used in a frozen condition, that the quantity 
used for a shot must not exceed 1-1/2 pounds, and that the charge mst be 
confined properly in a borehcle with clay or cther incombustible stemming. 


The Bureau alsc advocates that all coal which it is feasible to cut should 
be cut or sheared, 


CLASSES OF PERMISSIBLE EXPLOSIVES 


‘The Bureau of Mines classifications of permissible explosives, as well 


as the conditions of use to retaiu permissibility, as given in Report cf 
Investigations 3220 are; 


In order that the user of explosives may be assisted in 
selecting an explosive to meet-a specific requirement, the United 
States Bureau of Mines now classifies permissible explosives in 
two. ways, as follows: (1) On the basis of the volume of poisonous 
gases produced by 680 grams (1-1/2 pounds) of the explosive and 
(2) on the basis of the characteristic ingredient of each explo~ 
sive, 
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Volume of Poisonous Gases 


Most of the permissible explosives, even when properly and 
completely detonated in a drill hole in a coal mine, produce 
poisonous gases, but they produce at the same time a much larger 
volume of nonpoisonous gases. In order that the poisonous gases 
may not under normal conditions become a menace to the lives or 
health of miners, no explosive is now or can become permissible 
if it evolves upon detonation more than 158 liters (5-1/2 cubic 
feet) of permanent poisonous gases, as determined by tests in the 
Bichel pressure gage. Jield tests of an explosive made under ex~ 
treme conditions for the production of the greatest percentage of 
poisonous gases in the air show that in a narrow entry, with no 
ventilation at or near the face, a 1-1/2-pound charge of an explo- 
sive, which gave 158 liters of poisonous gas in gage tests, prom 
duced 0.18 percent of carbon monoxide (the only poisonous gas 
present) in the air when the sample was taken 2 minutes after 
the shot. Another sample of the air taken 2 minutes later con- 
tained 0.08 percent of carbon monoxide. It is therefore evident 
that where ventilation is not active, as in a closed entry, miners 
or shot firers should not return to the face until at least 5 
mimutes after a shot. At all working faces that are difficult 
to ventilate explosives of class A or class B should be used, 
preferably those of class A. 


The classification on the basis of the vol-me of potsonous 
gases produced by 680 grams (1-1/2 pounds) of the explosive is 
as follows: 


Class A, those explosives from which the volume of poisonous 
gases produced is not more than 53 liters. 


Class B, those explosives from which the volume of poisonous 
gases is more than 535 liters but less thanl06 liters, inclusive. 


Class ©, those explosives in which the volume of poisonous 
gases is more than 106 liters but less than 158 liters, inclusive. 


Characteristic Ingredients 


Explosives are classified in accordance with tineir character- 
istic ingredients as follows; 


Class 1, ammonium nitrate explosives. — To class 1 belong 
all the explosives in which the characteristic ingredient is 
ammonium nitrate. This class is divided into two subclasses, 
Subclass a includes every ammonium nitrate explosive that con- 
tains a sensitizer that is in itself an explosive, Subclass b 
includes every ammonium nitrate explosive that contains a sensi- 
tizer that is not in itself an explosive, The ammonium nitrate 
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explosives of subclass a consist principally of ammonium nitrate 
with small percentages of nitroglycerin, nitrocellulose, or nitro- 
substitution compounds which are used as sensitizers. The am= 
monium nitrate explosives of subclass b consist principally of 
ammonium nitrate with small percentazes. of resinous matter or. 
other nonexplosive substances used as sensitizers. 


une an aiveate ‘explosives wien fresh and properly detonated 
are well-adapted for use in mines that are not unusually wet. They 
are not suitable for use in wet mines; for if the contents of a 
cartridge of ammonium nitrate explosive is exposed for only a few 
hours to the damp atmosphere the explosive may. so deteriorate as | 
to fail to detonate completely, because ammonium nitrate takes up 
moisture readily. The redipping of cartridges of ammonium nitrate . 
explosives aids in protecting the contents against moisture, or. | 
moist air, and the cartridges should be so stored and handled as ; 
to preserve the efficacy of the paraffinlike coating. The explo- 
sives should be obtained in a fresh condition and. purchased in 
such quantities as will permit their prompt use. Experience at 
the Pittsburgh Experiment Station of the United States Bureau of 
Mines shows that ammonium nitrate explosives will. usual ly detonate 
completely after ShOreee for. 6 months ina well-ventilated mnag= 
azine. 


Class 2, hydrated explosives. - To class 2 belong all explo- 


sives in which salts, containing water of crystallization are the 
characteristic ingredients. The explosives of this class a¥e some= 
what similar in composition to the ordinary low-grade dynamites, 
except that one cr more salts containing water of crystallization 
are added to reduce the flame temperature. They are easily detona- 
ted, and most of them can be used successfully in damp working 
Places, 


Class 3 s 3, organic ni nitrate. Seuteetvess.& To class 3 belong all 
the ‘explosives in which the characteristic ingredient is an organic 
nitrate other than nitreglycerin. The permissible explosives now 
listed under class 3 are nitrostarch explosives. 


Class 4, nitroglycerin explosives. ~ To class 4 belong all the 
explosives in which the characteristic ingredient is nitroglycerin, 
These explosives contain free water or an excess of carbon, which 
is added to reduce the flame temperature. A few explosives of 
this class ccntain salts, or an unusually low percentage of nitro~ 
€élycerin, that reduce the strength and shattering effect of the 
explosives on detonation, The nitroglycerin explosives have the 
advantage of detonating easily and of not earn affected readily 
by moisture, 


Class 5, cammnbnaiin perchlorate explosives. ~ To alee 5 belong 
all explosives in which the characteristic ingredient 1s ammonium 


perchlorate, 
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Class 6, gelatin explosives. - To class 6 belong all ex- 
plosives in which the i ae cle is Coranres ee with nitro- 


cotton. 


Explosives of the last class have been grouped together 
at the end of the list because these explosives have been 
specially designed for blasting rock in coal mines, although 
under certain conditions they have been found suitable for 
shooting ccal also. The rate of detonation given for these ex~- 
plosives is that determined when the explosives were submitted 
for test. It should be kept in mind, however, that this rate 
may range from 2,000 to 5,000 meters per second. 


*** explosives enumerated on the permissible lists of the 
United States Bureau of Mines are Peres ore in use only when 
satisfying the following requirements: . 


1. That the explosive is in all respects similar to the 
sample submitted by the manufacturer for test. 


2, That clectric detonators are used of not less efficiency 
than those prescribed —- namely, those consisting by weight of 
80 parts of mercury fulminate and 20 parts of potassium chlorate 
(or their equivalents)— and that this electric firing must be 
done by means of a permissible-type blasting unit. 


that the explosive, if frozen, shall ve eee onee 
eee Fe a safe and suitable manner before use. 


4, That the quantity used for a shot does not exceed 680 
grams (1-1/2 pounds) and that it is preperly confined with clay 
or other noncombustible stemming. 


| o. That the diameter of the cartridge used must be not 
less than that designated in the column "Smallest permissible 
diemeter," 


6, That the shot is not fired in the presence of a Ganeers’ 
ous percentage of firedamp. 


7. That the shot is not a dependent shot, is not bored 
into the solid, and does not have a burden so heavy that the 
shot obviously is liable to blow out. 


An extended study has convinced the authors that, despite the favcrable 
characteristics of permissible explosives as compared with black blasting 
powders and dynamites, which make them much safer in use, they are still not 
80 foolproof if improperly used as to prevent accidents, including explo-~ 
Sions due to the ignition of gas or fine bituminous-coal dust. However, per 
missible explosives are so devised that they produce a relatively small, 
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short-duration, low-temperature flame; they are therefore not nearly as like~ 
ly to ignite inflammable mixtures containing explosive (as or coal dust as 
the dynamites or black blasting powders. 


Permissible explosives are not so sensitive to sparks and flames as the 
black blasting powders or to friction or impact as most of the dynamites; . 
moreover, they are not so insensitive (when properly handled) as to cause mis- 
fires. 


Experience and experiment have amply proved that black blasting powders 
and dynamites are too hazardous to use in gassy mines. Permissibles are there- 
fore extensively used in gassy mines or gassy portions of mines; their su~ 
perior qualities commend them for use in all types of blasting in all coal 
mines, whether gassy or dusty or relatively free of both gas and dust. . 


Because permissible explosives are used extensively in gassy and dusty 
mines and generally are the only class of explosive used in very gassy mines, 
and thus are subjected to this hazardous condition of use, one might expect 
that many if not most of the ignitions of gas cr dust from explosives would - 
originate from permissible explosives, After diligent search the authore 
found only 13 instances of gas or dust ignition caused by or involving per- 
missible explosives. In every one the explosive was definitely known to 
have been used in a nonpermissible manner - it was fired in a dangerous per- 
centage of gas or adjacent to fine, inflammable coal dust, under one or more 
additional nonpermissible conditions of use. However, the Bureau has de~ 
tailed records of 65 explosions involving black blasting powder only, 14 
dynamite only, 10 black blasting powder and dynamite, and 11 black blasting 
powder and (or) dynamite with permissible explosives in the United States 
during the period 1908 to 1932, inclusive, 


This circular is concerned mainly with the use of permissible explosives; 
hence but little attention is given the storage, underground transportation, 
or underground storage, except as they influence the quality of the explosive 
used and therefore are important in the prover use of permissible explosives. 


Injuries to persons caused by accidents involving explosives are most 
frequently chargeable to improper use of the explosives; this statement also 
applies to permissible explosives, The greatest safety is attained when 
only those explosives having the greatest inherent factor of safety are 
used properly. Such explosives for coal mining are permissible explosives, 
Since by certain pertinent tests permissible explosives have a factor of. 
safety of at least 17 cver common dynamite and at least 45 over the black 
blasting powders, on the basis of their liability to ignite gas and dust. 


Permissible explosives are manufactured in a wide range of densities 
(or stick count), strength, rate of detonation, and diameters of cartridges 
(not less than 7/8 inch) and are classified on the basis of relative quantity 
of poisonous gases produced (class A the least poisonous gas, class B inter~ 
mediate, and class © the greatest quantity of poisonous gas). Therefore, 
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there is a suitable permissible explosive for virtually any blasting problem 
in any coal mine. The low- to medium-density permissible explosives when 
skillfully used have proved as good lump-coal "getters" as any nonpermissible 
explosive. In recent years in Great Britain such low-density "permitted 
explosives" have supplanted Bobbinite - a compressed pellet powder ~ although 
Bobbinite had been used in gassy mines under special conditions for almost 

50 years .4/ The authors hope that low-density permissible explosives likewise 
will supplant both the granular and pellet forms of black blasting powder as 
now used in many of the so-called nongassy coal mines of the United States. 


The effect of an explosive upon the material to be blasted whether coal. 
or rock, may be varied over wide limits by selecting the proper permissible 
explosive, by varying the number, position, and diameter of the boreholes, 
and by utilizing the proper diameter and length of the charge of the per- 
missible explosivé used. In other words, not only the character of the per 
missible explosive used, but also the Beene of wears it, is important in 
this respect, 


Where applicable, certain methods of using explosives are preferred; 
these will now be discussed. 


PROPER PREPARATION OF FACE 


The coal or coal and rock face should be prepared in a workmanlike manner; 
loose roof and coal should be pulled down, corners squared, and overhang 
eliminated as far as feasible. It is of utmost importance that an adequate 
number of properly directed holes snould be drilled; much of the inefficiency 
and danger in blasting are due to drilling too few holes, correctly placed 
and spaced. If the face is properly trimmed and squared cracks or crevices 
in the face will be disclosed, and the holes can be drilled without intersect- 
ing these cracks or crevices, If feasible the coal should be cut or sheared, 
or both, and the sides of the cut or shear should parallel the surveyor's 
sight line; this will tend to prevent the drilling of noree on the solid, and 
blown-out shots will be reduced to a minimun, ; 


The coal dust produced by cutting should be allayed by the use of water 
on the cutter bits and at the face; rock dust should be applied to within at 
least 40 feet of the face as a precaution against a dust explosion, 


The cuttings or "bug dust® should be entirely removed from the cut or 
shear, thus permitting the coal to be blasted with less explosive; this pre- 
caution is important as regards both safety and efficiency. The bug dust 
_ Should be loaded out before any hole is charged; the practice of throwing 

machine cuttings into the gob is hazardous and in the mene run is likely to 
be expensive. 


The gage of the drill or auger should always be large enough to drill a 
hole of adequate diameter, so that force is not required to charge the explo- 


Sive; before the hole is charged all drillings should be removed from the 
borehole, 


4] Fifty~sixth Annual Report of His Majesty's Inspectors of Explosives, 
1931, Pe OD. 
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It is usually desirable to drill holes horizontally, but. when it is 
desirable to throw the coal forward, as where mechanical Eeeetne is eupTeyen 
the holes may be angled toward the right or left. 


There should always be enouzn holes so that a deneonabie ee of ex- 
plosive will properly dislodge the coal or rock: this practice tends to pro- 
duce a minimum quantity of slack, increase the percentage of lump coal, and 
prevent blown~out shots with their numerous hazards and inefficiencies. Al- 
though the proper use of explosive promotes safety and gives a maximum per 
centage of lump coal the explosive alone does not fully determine the per 
centage of lump; loading, transportation, and handling at the tipple also 
are controlling vr at aeeee contributing factors. 7 


Holes should never be drilled back of ¢ or hee the undercut: ¢ or shear; 
they should usually end 3 to 6 inches in front of them and should be close 
enough to the rib to break it loose and close enough to the permanent roof to 
loosen the coal from the roof but not close enough to weaken, break, cr shat~ 
ter it. These results can usually be obtained by those skilled by experience 
in the art of blasting; no person who is not skilled in this ee should be 
allowed to use explosives in any coal mine, : 


THE PRIMER AND ITS POSITION IN THE HOLE 


| Primers should be made with electric blasting caps, the cap sécured | 
centrally in the cartridge and pointing toward the bulk of the explosive in 
the primer, This is accomplished in different.ways, depending upon the con~ 
sistency of the explosive and the diameter of. the cartridge. In the prepara- 
tion of the primer the insulation of the wires to the electric blasting caps 
should not be damaged; otherwise the wires may be short-circuited and cause 
misfires. The wires should be brought off the end of the cartridge in which 
the detonator or cap is placed in such a way that when the primer is put into 
the hole last the detonator will point toward the bulk of the charge ~ that 
is, toward the bottom of the hole. The primer cartridge. should be the last 
one to be charged, with the detonator pointing toward the bottom of the hole; 
experiments have indicated definitely that in the event of a blown~out shet 
the demger of igniting inflammable gas or dust is more remote ad if the 
primer is placed anywhere else in the CABTECs 


NUMBER AND PLACEMENT oF poaeeaee 


The number of holes required depends upen the width and thickness of the 
face to be blasted; whether the coal is undercut, centercut, overcut, or 
sheared or whether @ combination of these methods ef mechanical mining is used: 
and particulerly upon the character of the bed and the nature and number and 
location of the bands of rock or other material. There ehould be enough Loles 
to bring down the coal without using an excessive amount of explosive in any 


one hole; generally not more than ae pounds of explosive should be used in 
any one hole. : 
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The distance from the back of the hole to the nearest free face or 
machine cut should always be substantially less than, and should never ex~ 
ceed, the depth of the hole. Where the bed is thick or is tough or woody 
or where a strong or hard streak of rock, coal, or other material lies be- 
tween the hole and the machine cut the holes should be arranged in two or 
more benches. In thin beds of coal that blasts easily narrow entries (12 
feet or less) require at least 2 holes when the face is undercut, whereas 
wider places in the same coal probably should have at least 3 holes. In 
the Pittsburgh bed, where the coal is 6 to 7 feet thick and is both undercut 
and sheared, wide places (up to 25 feet in width) require at least 3 holes 
and narrow places 2 holes. If the coal is separated by a tough, center 
band or is thick and is machine-minced by undercutting it should be blasted 
in 2 benches at least, possibly 3 if the center band is particularly tough 
and requires separate blasting; such coal may require 1 center and 2 side 
holes in the lower bench and 2 corner holes in the top bench. Center-cut 
coal usually requires at lcast 2 holes in the top bench and 3 holes in the 
bottcm bench for narrow work and an extra hole in both the upper and bottom 
benches for wide work. Safety considerations usually dictate that where 
coal is center-cut the top bench should be blasted first. 


MACHINE MINING AS AN ATD TO SAFE BLASTING 


If coal is machine-mined, especially if both cut and sheared, small 
weights - 1/2 to 3/4 pound or 1 to 4 cartridges ~ of explosive per hole 
are often adequate, the number depending largely upon the size of the cart- 
ridge and the density of the explosive in the cartridge. 


Where coal that blasts easily is both cut and sheared 1 pound of per- 
missible explosive may blast as much as 20 tong cf coal; where coal is shot 
eff the solid and is woody and difficult to blast 1 pound of black blast~- 
ing powder may produce less than one-half ton of coal, much of which may be 
in very fine sizes. Efficiency of explosives ranges between these extremes, 
being higher if coal is machine-mined, friable, free of rock or bony partings, 
and in a bed of moderate thickness, 


Any increase in the efficiency of explosives aids safety because, in 
general, the smaller the quantity of explosive used per ton of product the 
smaller the hazard in its use. 


CHARGING THE HOLE 


If an adequate number of holes have been properly located and the shot 
firer has approached the face and assured himself that he is under safe roof 
and no gas is detectable he should proceed essentially as follows: If the 
hole has not been blown out with compressed air, scraped out, or otherwise 
cleaned he should remove the drillings with a scraper to prevent them from 
getting between the cartridges in the charge, leaving essentially no com- 
bustible material in the hole and preventing the cuttings from reducing the 
effective depth of the hole. He shculd then prove the depth, gage, and 
direction of the hole with his wooden tamping stick and measure the depth 


35484 -~ 9m 


Google 


1.0. 6871 


of the undercut with the stick in the same vertical plane as the hole to be 
certain that the hole is nct on the. solid and hence beyond the limits of the 
cut. He should charge it by placing the cartridge cr cartridges in the 
collar cf the hole essentially in the following order; If there is a half 
cartridge or. part of a cartridge he should place the cut end in the hole 
first, thus insuring that this end will be in the bottom of the hole. Moist 
or slightly moist explosive at the cut end is not likely to impede detona- 
tion of the balance of the charge. Then, if needed, one or more cartridges 
should be put in the collar of the hole and the entire charge, except the 
primer, pushed toward the bottom of the hole and gently seated there; the 
primer should now be made up in the standard manner and placed in the collar 
of the hole, making certain that the capsule is in the outer end of the primer 
and pointing toward the bottom of the hole: next, the primer should be pushed 
gently against the remainder of the charge with a wooden tamping stick, the . 
wires being held so they will not be kinked or abraded while charging. The 
remainder of the hole should be filled to the collar with incombustible stem 
ming material, preferably a mixture of molded sand and clay, although incom 
hustible material in paper wrappers is suitable. If paper-container cartridges 
of incombustible stemming are used they should be made at least 14 inches 
long and each cartridge broken in the middle; the broken end should be placed 
in the hole first to make sure that there is little or no paper in contact 
with the explosive. Furthermore, the weakened forward end of the cartridge 
will therefore upset when rammed and. peeeiTvee filling the borehole with 
BveunTne material. 


Permissible auicelees usually should 7 be charged without breaking the 
cartridges and seldom require vigorous ramming or tamping. If a charge of hiz! 
density is required the cartridges, other than the primer, should be slit 
and pushed firmly into place one at a time but not violently. | 


In placing the stemming the first portion of it should be pressed firmly 


. or gently in pea as required, but the last portion may be tamped more 
vigorously. 


dr. important precaution to reduce the hazard in charging the borehole 
is te protect the explosive and the electric blasting cap used for firing 
the explosive from all impact, friction, sparks, and flames, as these are the 
most frequent causes of premature blasts in charging. 


If permissible explosives are used instead cf black blasting powder, 
especially black blasting powder in granular form, there is relatively little 
danger of ignition by sparks, flemes, and their sources: this is one of the 


main reasons why black blasting powder should be supplanted by permissible 
explosives in coal panes 


In these days of nechanient mining it is feasible in many mines to drill 


holes with either compressed~air or electric drills, but whether they are 
drilled mamually or with power the drilling should be done by a special crew 
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upon whom dependence can be placed to locate the holes in accordance with a 
standard adopted for each type of working fece. Where holes are drilled by 
individual miners it generally is useless to expect correct location of holes; 
improperly located holes place upon the shot firer the disagreeable task of 
refusing to charge or fire them or taking a chance of losing his life if he 
should fire them. Many shot firers undoubtedly have been maimed or killed 
through holes carelessly or even maliciously loaded by persons not required 
to fire then, 


Competent shot firers should charge and tamp holes, and their competence 
should be attested by a State certificate as shot firer, mine examiner, fire- 
boss, or foreman; as a reasonably safe alternative for actual loading by a 
certified man the shots may be charged and the holes tamped under the im~ 
mediate supervision of a man so qualified. 


Decision 12 of the Mine Safety Board of the United States Bureau of 
Mines covers this point: 


5. Each shot employing explosives shall be prepared and 
fired by or under the immediate supervisicn cf a man having a 
State certificate as a mine examiner, fireboss, or foreman; and 
whenever conditions permit all other men than those authorized 
to prepare and fire shots shall be out of the mine when shot- 
firing with explosives is being done. 


Next to firing from outside the mine when no one is in the mine the 
greatest safety is assured if shots are fired on the "off" shift when no 
one is in the mine except the shot firer; in the handling and use cf ex» 
plosives it 1s a fundamental fact that hazards to life are least when the 
fewest number of persons are in the danger zone. This method of firing 
shots prevents the fatalities and nonfatal injuries classified as gas~ and 
dust-explosions, injuries caused by explosives, unguarded shots, returning 
too soon, delayed blast, hit by prejected material of blast, and shot break= 
ing through rib or pillar, 


TESTING FOR GAS 


Both before and after charging a hole the shot firer should assure him- 
self by a suitable test, such as with & permissible flame safety lamp, that 
no gas is present; if he finds gas before charging in’ quantities that indi~ 
cate danger the hole should not be charged, and if he finds it after the hole 
is charged the shot should not be fired until after the gas has been removed 
by ventilation. Although permissible explosives under test conditions stand 
tests indicating that they do not ignite methane, there are numerous con- 
ditions in mine workings under which gas or dust may be ignited even when 
permissible explosives are used; the use of permissible explosives should 
not be relied upon to counterbalance defects in ventilation. 


The time from testing for gas to the instant of firing should be as 
short as possible, and the intervening duties should be expedited. 
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REMOVING ELECTRICAL SHORT CIRCUIT AND CONNECTING 
TO SHOT-FIRING CABLE 


When shots are fired by electricity the electrical short circuit on 
the legs of the electric blasting cap should be removed immediately before 
the shot-firing cable is connected to it. The shot-firing cable should be 
tested to make sure that it carries no current, and the uninsulated por- 
tion of the legs of the electric biasting cap should be connected to the 
shot-firing cable by an efficient joint. 


To prevent commotion at the face when a shot is fired (caused by move- 
ment of coal or roof or escape of gases) from bringing two uninsulated por- 
tions of the shot-firinz circuit together and precipitating a "break spark", 
the joints should be a few feet from the collar of the hole and arranged 
as far apart as feasible; they also should be taped and staggered to prevent 
their contact, but fairly good protection is offered if they are staggered 
and separated as far as possible even though tkey are not taped. Tools 
should be removed before this final face connection is made and the cable 
unreeled promptly afterward. 


UNBEELING THE CASLE AND SHFKING A SAFE FLACE 


The cable should be at least 100 feet long and should be kept dry and 
in good repair. In unreeling the cable toward the point of firing care 
should be taken that it touches no rails, pipe lines, electric wires, or 
electric machines; the best way is to hang the cable on insulators, which 
may be dry wooden pegs or cappieces or props. 


After. the shot firer has reached the point selected for firing, which 
is known to have a safe top and which is definitely around a corner or not 
in a straight line from the point of firing so tnat projected material from 
the blast will not be thrown into it, the shot may be fired. The cable 
should be at least 100 feet long to permit the shot firer to fire from a 
safe place. The battery end of the cable should be "shorted" at all times 
except while the shot firer has assured himself of being in a safe place 
and is actually firing. | 


GUARDING, WAITING, AND FIRING 


If no other men are in the mine and the firer is sure that the men 
with him are in a safe place (he should be the nearest one to tne shot) 
he should call in a loud voice "Fire", remove the "short" from the battery 
end of the shot-fiiing cable, attach the cable to the shot-firing unit, 
loudly call "Fire" azain, and then fire within a second or two, 


If other men ere in the mine all in nearby working places should be 
warned, and all crosscuts and other eporoaches to the place should be. 
guarded; if the blast is in a face approaching other workings those in the 
other workings also should be warned before the shot is fired. The shot 
firer shoula then call "Fire" loudly, remove the "short" from the end of 
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the shot-firing cable, attach the cable to the blasting unit, call "Fire" 
again in a loud voice, and then blast within a second or two. Immediately 
after a charge is fired the shot-firing unit should be Ge veener from the fir- 
ing cable and the firing cable "shorted." 


METHODS OF FIRING SHOTS 


The type of accident that can be avoided by firing shots from outside 
the mine has already been indicated; this method of firing shots from out~- 
side the mine when no one is in the mine is greatly to be preferred and is 
practiced successfully in several coal mines in Utah, Colorado, New Mexico, 
and elsewhere, As with all methods, most if not all of the hazards in trans- 
portation, charging, drilling into old holes, and premature shots still 
exist, though they can be rigidly safeguarded; the safety records of mines 
using this system are remarkably good as regards blasting accidents of all 
‘kinds, including the occurrence of fires and explosions; and injuries or 
fatalities to workers are almost eliminated. | 


Other methods of firing,in the order of their preference, are: — 


1. Charging and firing by shot firers when all cther men are cut of 
the mine. | 


2. Charging and firing by shot firers on the "off" shift. 
3. Charging and firing by shot firers on the regular shift. 


4, Charging by miners during the shift and firing by shot firers when 
all other men are cut of the mine. 


5. Charging and firing by miners at the end of me shift or at some 
specified time during the shift, such as midday. 


The method least to be preferred is: 
6. Charging and firing by miners at any time during the shift. 


Charging and firing by shot firers are in all cases preferred, as there 
are many advantages in all blasting operations being handled by certified or 
qualified shot firers; men with such qualifications are competent and are 
given a reasonable amount of sensible instruction and supervision, It is 
important that they be given sucn instructions and supervision; otherwise 
human frailties will intervene, and recklessness of various kinds creep into 
the work. A shot firer should examine tne place for explosive gas and danger- 
ous roof befcre and after shooting and should see that enough holes have been 
drilled and that they are properly placed. He should be relied upon to use 
the right amount of explosive and see that it is correctly charged and tamped. 
He also should be expected to adhere to safety standards, such as warning 
men in adjacent wrxing places, if blasting is being done while men are in 
the mine, and guarding apprcaches to. the place. Well-selected shot firers 
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are more likely to fire from a safe distance than the miners and if they are 
carefully supervised should make sure that coal is blasted in an efficient 
manner, usually with a larger production of lump coal, reduction in explo- 
sive used, and minimum harm to timbers, roof, or other mining adjuncts. 


Method of Firing Shots in Utan 


A detailed description of fs e method of firing from outside the mine, 
as practiced in a mine in Utah, follows: 


All shots are fired electrically from outside the mine with no one under 
ground, using 220 volts alternating current. No. 6 wire is used on the blast- 
ing circuit, except in rooms, where No. 14 wire is used. A switch in the cir 
cuit on each entry near tne slope is left open when not in use. In addition, 
there are 3 switches in the shot-firinzg circuit near the manway portal; 2 of 
these are double~pole Imife switches, and 1 is operated by a pipe gate. The 
switches are locked open until all shot firers are out of the mine. After 
the 2 knife switches are closed the gate switch is closed and locked. The 
circuit is then complete between the mine and the master or timing switch in 
the nearby check cabin. 


Bach of the 3 shot firers has a key to only 1 of the switches near the 
manway portal; all of the shot firers must tierefore be out of the mine be- 
fore blasting. In other words, the circuit cannot be completed in the mine 
until all the shot firers reach the surface, unlock their peo ne switches, 
and close then, 


After the three switches have been closed the time-limit switch is ready 
to be operated. It is first unlocked and the plunger, which operates ina 
slotted l-inch pipe, is raised and connected to tke solenoid switch. The cur- 
rent flows through the firing circuit during the time that the plunger drops 
6 feet 8 inches, which is about 0.7 second. The electric blasting caps are 
sometimes connected in parallel and other times in parallel-series, 


Detailed information on methods of firing in other Utah mines where 
firing is done from outside the mine when no one is in it follows, In one 
mine tne coal is undercut in e5-foot rooms and blasted in 2 benches =- 4 holes 
in the bottom bench and 5 holes in the top bench, The 4 holes in the bottom 
bench are connecced in series, the 5 holes in the top bench are connected 
in anotner series, and the 2 series are connected in parallel. The 2 center 
holes of the 4 lower holes are fired by instantaneous electric blasting caps, 
and the 2 side holes have first-delay electric blasting caps: the center 
hole of the upper 5 holes has first-delay, the 2 intermediate holes have 
second-delay, and the 2 side holes have third-delay electric blasting caps. 


5/ Parker, D. Je, “Safety Practices at liine 1, Spring Canyon Coal Co., Utah: 


Inf. Circ. 6675, Bureau of Mines, 1932, 10 pp. 
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In another mine where the coal is undercut 4 holes connected in parallel 
are sometimes used for blasting in 1 bench, At other working places in the 
same mine coal is blasted in 2 benches ~ 4 holes for the bottom bench and 
4 holes for the top bench ~ and the holes are connected in parallel~series 
with 2 electric blasting caps in each series. In another mine coal is under= 
cut and blasted in 2 benches with 4 holes in each bench; all holes are con~ 
nected in parallel. 


Live current is used for such blasting; the voltage should always be 
adequate so that when any holes are connected in series or parallel~series 
at least 1.5 amperes are available for each electric blasting cap, and when 
parallel connections are used at least 1 ampere is available for each elec~ 
tric blasting cap. The voltage required varies with the resistance in the 
shct-firing circuit, and this depends upon the gage of copper wire used and 
the distance between the firing switch and the working faces. To prevent 
misfires a current not less than that specified above must be provided. It 
is well to keep the voltage as low as is feasible to prevent loss of current 
through leakage along the shot-firing circuit.Power need not be applied in 
the shot-firing circuit as long as 0.7 seccnd (700 milliseconds, a milli~ 
second being 1/1000 cf a second) even when electric blasting caps are con™ 
nected in series, because 5 milliseconds have proved adequate in tests where 
the source of power was a powerful, manually operated shot-firing unit of the 
generator type. With a controlled current value certain types of instan- 
taneous electric blasting caps do not fire in less than 7 milliseconds, The 
combination cf a S-millisecond timing switoh in the shot-firing circuit at the 
source cf power with this particular type of electric blasting cap insures 
that there is no voltage (or current) on the shot-firing circuit at the in- 
stant the shots explode. This reduces substantially the opportunity for 
ignition of inflammable gas or dust mixtures by a break spark on the firing 
circuit caused by commotion at the face due to the blast. 


RETURN TO FACE AMTER BLASTING 


After a blast it is unwise to return to the face immediately, even 
though the shots appear to have fired properly, because occasionally a single 
shot may explode twice. The reason for this double fire is obscure, but it 
has been attributed to insensitive or deteriorated explosive, usually caused 
by improper storage; only a portion of the charge explodes at first, and 
later another portion is ignited by the heat or burning of the first explo~ 
sion. Weak electric blasting "caps" may cause a somewhat similar result; 
these caps should be of No. 6 grade or stronger. No cap of less than No, 

6 grade is manufactured in the United States for use in this country. Pos~ 
sibly in these double~fire cases the charge did actually explode completely, 
but the material did not yield to the high pressure within the borehole 

until later, and this delayed yielding sounded like a second explosion. There 
are numerous other reasons why one should not return to the face immediately 
after shot-firing. The smoke and dust may so obscure the roof or face that 
immediate approach is hazardous, the partly loosened material may not have 
finished falling, or the explosives fumes and dust may not have been ade~ 
quately diluted by ventilation, and noxious gases, fumes and dusts may be 
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present. Dangerous gases are least likely to be encountered if.a permissible 
explosive of class 4 is used and if the weisht of the charge is small (prefer- 
ably less than 1-1/2 pounds per hole). 


KMISFIRES AND HAYGFIRSS 


Prevention of Misfires 

Every effort should be made to prevent misfires. Those known to have 
occurred must be handled almost invariably, and handling these is always 
hazardous. Sometimes, however, misfires, especially partial misfires, are 
not detected eat tne time of firing but may be encountered by drilling into 
them possibly months or even years later, Whether the misfire is known cr 
unknown, the explosive may be Aidden in the coal or rock and remain a con- 
tinual menace until it is either discovered and removed cr until it is 
burned with the coel, wits or withcut an explosion. 


tiisfires can be prevented by selecting proper exnlosives and keeping 
electric blasting caps in first-class condition by proper storege; using 
the explosive before it kas aged unduly; and correct storing, priming, 
Charging, and firing of the explosive. The officials of each mine and of 
each mining company should maintain a detailed record of the number of holes 
fired on every shift, number of misfires, and numver of accidents in handling 
misfires. Such a reccerd would show type of explosive, make of electric 
blasting cap, type of primer, and method of firing most likely to produce 
‘misfires; number of accidents chargeable to each method of handling misfires; 
and the miner or shot firer responsible for misfires. These data should aid 
in gradually evolving tne best type of explosive and electric blasting cap 
for use in the particular mine, the safest metnod of firing, the best type 
of primer, and the safest method or handling misfires for each condition en- 
countered, The publication of such details by the manazement would ccntribute 
materially to the prevention or misfires in minin7. 


Careful electric snot-firing cffers the best means of reducing the nur 
ber of misfires, out electric firing is by no means foolproof and should 
not be inaugurated without proper education and instruction of mine workers, 
especially supervisors and shot firers, Avoidance of misfires in electric 
firing presupposes the use of a good type of explosive in good condition, 
use of well-prepared primers, skill in charging and tamping the holes, a 
good firing circuit, and a blasting unit of adequate capacity. 


Misfires in electric firing may result from conditions outside the bore- 
hole, such as poor methods of storing explosives, damp or deteriorated explc- 
Ssives, open circuit, short circuit, or toc much resistance in firing line, 
or not enough capacity at source of electric current. These possible de=~ 
fects should be investigated first, especially the electrical defects; fer 
this purpose a circuit tester is useful. Carein making connections, inspec- 
tion and. proper maintenance of shot-firing cables, and periodic testing of 
the blasting unit to mexe sure that it is up to capacity will usually 
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prevent misfires from this source. When the shot firer is sure that the 
cause is within the borehole the misfire must be handled, preferably by the 
shot firer, ty no means a desirable duty. 


Return to a Misfire 


As soon as one or more attempts have been made to fire a shot electri- 
cally the blasting unit should be disconnected promptly frem the shot~firing 
cable and the end of the cable short-circuited. 


The time interval before return to the face provided for in most State 
laws or company rules should be cbserved, but in the absence of such laws or 
rules 15 minutes at least should elapse before return; when conditions permit, 
this minimum should be greatly increased not only because of the possible 
shot-firing hazards but also because of possible loose roof or coal or dust 
and gases in the air if other holes had fired. 


Any misfire may prove to be a nangfire or a delayed blast; hence a 
reasonable time shoulé elapse before return to a misfire. The belief that 
at least 8 hours should constitute the "reasonable time" is warranted. 


Handling Misfires 


State rezulatory agencies may prescribe the method of handling mis- 
fires. Such rules usually state that in ccal mines a new hole shall be 
drilled alongside tne misfired hole and approximately 1 foot from it, so 
started and slanted that there will be no chance for the new hole to inter 
sect the misfired hole; the new hole should be charged lightly and blasted 
in the usual manner, Company rules are sometimes more rigid than State re~. 
quirements and, of course, should in no case be less rigid. The object of 
the blast in the new hole is to expose the charge in the misfired hole so 
that it can be recovered completely; the charge in the second hole, there~ 
fore, should be light to avoid exploding the misfired hole. The second hole 
should be on the free side of the misfired hole; the direction of the hole 
is more important than the distance from the misfired hole, as it is impor- 
tant that the second hole should not be drilled into the first hole. The 
primer of tre first hole can be recovered more readily if the wires of the 
electric blasting cap of the misfired hole are anchored outside the hole. 


Misfires should be handled only by competent persons (shot firers or 
supervisory officials) and, wnere at all feasible, under the direction or 
immediate supervision of the foreman or assistant foreman. They should be 
handled preferably on an off shift, and until they are recovered no person 
cr persons should be allowed to work in the working place in which they 
are located, 


Where regulations permit and water is available at the face stemming 
in misfired holes may be removed carefully with water under pressure ap- 
plied at the hole through a rubber hose; the pressure, however, should not 
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be excessive. This metnod is facilitated and made less hazardous by the 
general use of sand or a mixture of sand and clay for stemming and by special 
incomoustible indicating materials in the stemning next to the explosive, 
such as iron oxide; or if wrappers are used cn the stemming a distinctive 
color of stemming in tke first cartricge of stemming may be placed in the 
hole cr a distinctive color used for the paper of that cartridge. When the 
stemming is washed cut and the cartridge exposed a new primer may be inserted, 
the hole restemmed, and an attempt made to fire the charge in the usual way. 
This work should be done without undue delay; otherwise the water may so 
desensitize the front of the explosive charze that it will not explode com 
pletely, if at all. The stcmming of the explosive should never be removed 
with a drill, auger, or otser metal tool, but when the stemming is being re- 
moved by water the operation may be facilitated by the use of a long wooden 
spoon. Neither the charse of explosive nor any portion of it should be re- 
moved from the uole; pulling a charge from a misfired hole by the lead wires 
is esnecialry dangerous. 


Miisfires should occur no more frequently than 1 for every 5,000 shots, 
or 0.02 percent of the number of shots fired. If they occur more frequently 
something is wrong with the explosive, the electric blasting cap, the method 
of preparing the primer, tre method of charging the hole, the firing circuit, 
er the blasting unit, and an investisetion should be made to determine just 
where the trouble lies; nossibly the entire blasting system is at fault be- 
Cause it is not applicable to the conditions at hand. 


NOXIOUS-GAS EAZARD FROM EXPLOSIVES 


Permissible explcsives when detonated give off gaseous products of ccm-— 
bustion, a small to mcderate percentage of which is carbon monoxide, depend= 
ing upon the class of explosive used. idost permissible exnlosives, even wher 
properly and completely detonated in a drill hole in a coal mine, produce 
the poisonous gas carbon monoxide and a much larger volume of non<poisonous 
gases. Permissible explosives, however, give off much less dangerous gas ther 
cther explosives used in mining and quarrying. In order that the poisonous 
gases may not become a menace to the lives or health of miners under normal 
conditions, no explosive can become permissible if upon detonation of 1-1/2 
pounds it evolves more than 1505 liters (about 5-1/2 cubic feet) of poisonous 
gases, as determined by tests in the Bichel pressure gage. The classification 
of permissiole explosives on tne basis of the volume of poisonous gases pro=- 
duced by 680 grams (1-1/2 pounds) of the exzlosive is as follows; Class A 
explosives, from which the volume of poisonous gas produced is not more than 
o5 liters; class 3 explosives, from whick the volume of poisonous gas is more 
than SS but less than 106 liters, inclusive: and class C explosives, from 


which the volume of poisonous gas is more then 106 but less than 158 liters, 
inclusive, 


Where ventilation is sluggish, miners or shot firers should not return 
to tne face for at least 5 and preferably as much as 15 mimtes after a shot, 
even wnen permissible explosives have been used; at all working faces with 
little or no circulation of air explosives of class A or B should be used, 
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preferably class A. The quantity of noxious gas produced is directly pro- 
portional to the quantity of explosive used; therefore the efficient use of 
explosives is highly desirable from this standpoint alone. 


Irrespective of the efficiency of ventilation, however, it is difficult 
to prevent poisonous gases from remaining in the voids in a pile of blasted 
coal or rock; ventilation of these voids to drive out the noxious gases has 
in some cases been promoted by sprinkling the pile with water. ‘hen con- 
ditions permit it is well to blast the coal some hours before it is loaded - 
one of numerous reasons for firing shots. between the regular shifts. 


Compared with other explosives the least poisonous gas is produced by 
firing gelatin dynamites, ammonia dynamites, and class A permissible explo- 
sives, but the unsuitability of gelatin and ammonia dynamites in other re- 
spects does not commend them for use in coal mines. 


Black blasting powder, in any or all forms, is likely to produce con- 
siderable carbon monoxide and some hydrogen sulphide; the hydrcgen sulphide, 
however, probably does not persist for long, as it has a tendency to “break 
down", especially under moist or wet conditions. The black blasting powder 
known as "pellet powder” is by no means free from many of the hazards as- 
sociated with granular black blasting powder; numerous cases of suffocation 
or sickness from breathing the fumes after blasts of this explosive have 
been reported. Unquestionably, some of the trouble is due to the widespread 
opinion among users and proponents of this explosive that the noxious gases 
produced are not hazardous; hence men return too soon to the face after blast- 
ing. The quantity of noxious gases proijuced by this explosive is probably 
enhanced by the paraffin-paper wrapper; improvements in pellet powder are 
claimed to have resulted from either a reduction in the quantity of paraffin 
on the wrapper or a change in the quality of the paraffin used. No general 
statement regarding these features is warranted at this time, except that 
apparently there is considerable difference in the quantity and composition 
of gases produced from pellet powder made by different manufacturers or from 
different grades of pellet powder made by the same manufacturer or from any 
grade of pellet powder under certain conditions of use. In the near future 
some competent agency should remove this question of noxious gases produced 
by pellet powder from the field of opinion, and possibly prejudice, into 
the field of certainty by making adequate tests under operating conditions. 
At present pellet powder lacks much of being a desirable explosive for use 
in underground operations, not only as to irrespirable gases evolved but 


also as to the hazard of starting fires or explosions by ignitions of gas 
or dust or both. 


Straight nitroglycerin dynamite should never be used underground or in 
confined or poorly ventilated places; the high percentage of carbon monoxide 
produced renders it decidedly unfit for such uses, Numerous deaths have 


occurred where this type of explosive has been used in mines and to some 
extent in quarries, 


3484 - 19 - 


Google 


I.C. 6871 
SMOKES PRODUCED BY EXPLOSIVES 


The smoke produced by permissible and other explosives depends in part 
upon the brand of explosive used butlargely upon the conditions cf use, in~ 
cluding storage. If the shot is confined properly in a borehole and fired 
with a suitable primer a minimum of smoke should be produced. Smoke, in 
addition to being disagreeable and possibly hazardous to breathe, reduces 
visibility. Therefore only permissible explosives, which in practice pro- 
duce the least smoke, should be used provided they are suitable otherwise; 
moreover the workers should not return to the face immediately after a shot 
is fired, and ample ventilation currents should be provided to move or at 
least dilute smoke promptly and efficiently. | | 


POSSIBILITY OF DEVISING BETTER PERMISSIBLE EXPLOSIViS 


The question frequently has been asked as to the possibility of devising 
@ permissible explosive that will ignite neither gas nor dust, regardless of 
the conditions under which it is used; the characteristics of explosives are 
such that as yet no such explosive has been devised or is likely to be de- 
vised in the immediate future. Sensible mining men therefore will use due 
caution in the firing of any kind of shots at any time, as there is no such 
article as a perfectly safe explosive. 


The energy of a permissible explosive, like that of other explosives, 
results from the almost instantaneous production of a very large quantity of 
highly heated gases which, when properly confined, provide *he pressure that 
brings down the coal or rock; the high pressure of the gas is due chiefly to 
the heat of the gases, and reduction in temperature is almost sure to reduce 
the strength of the explosive correspondingly. Hence, any reduction in 
strength would be balanced by an incscease in the quantity of explosive used 
per hole, and any gain in safety through reduction in temperature would be 
lost in large part because of the larger quantity used. More important, how 
ever, is the fact that numerous efforts to improve the safety and working 
efficiency of permissible explosives to the point where ignition of gas is 
impossible nave resulted in types of explosives so insensitive to detonation 
that misfires and partial misfires occurred frequently and the explosive was 
unsuitadle from the standpoint of sensitiveness to detonation. Until sub- 
stantial assistance can be expected in this direction, how can maximum safety 
in tho use of permissible explosives be obtained? Obviously, at present 
about the only recourse is to use suitable safeguards against the explosives. 
Several of these, which can be apolied easily, are set forth in detail in 


this publication; adequate instruction, supervision, and discipline in their 
use makes them effective. 


SPECIAL APPLICATION OF SHH ATHED EXPLOSIVES 


An unusual hazard obtains where a crevice intersects the borehole and a 
free face, Sometimes these crevices exist before the hole is drilled; some- 
times the crack is opened by firing nearby holes; and sometimes in friable 
c%al which is undercut a portion of the coal drops and opens a crevice, even 
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after the hole is charged, if it is not fired promptly. Some such crevices 
may be observed easily, and others are difficult to detect; the holes in 
which crevices are found should be inspected carefully, if necessary using 

a special tool such as a rod having a sharp side projection or a mirror. The 
hazard arises from the fact that upon detonation of a charge the gases escape 
forcibly and readily into the atmosphere through the crevice and are likely 
to ignite inflammable gas or dust mixtures if they are present. A measure 
of protection against this hazard is afforded by enclosing cartridges of 
permissible explosives in a sheath of special-quality sodium bicarbonate, as 
is done in Great Britain, or of calcium fluoride, sodium chloride, and plas- 
ter, as is done in Belgium: the sheath ordinarily is one-eighth inch thick, 
and the "sheathing" is done at explosives factories. 


Explosives so protected are larger in diameter, heavier, and cost more 
than unsheathed explosives. Limited tests show the sheathed explosives to 
be little less efficient than unsheathed explosives but much less likely to 
ignite gas or dust when the Senne is used in relatively large quantities 
per hole. 


Tests abroad have shown that the "limit charge" of sheathed permitted 
explosives is 2 to 3 times as much as that of unsheathed permitted explosives. 
In Belgium sheathed explosives represent more than 30 percent of all expite- 
Sives used to bring down coal. Shkeathed explosives would undoubtedly be 
much safer than ordinary explosives wnere conditions demand or are thought 
to demand large charges (more than 1-1/2 pounds per hole); they also would 
reduce the hazard if used for blasting in chutes in pitching coal beds where 
the accompanying hazards do not permit the drilling of holes or the proper 
confinement of a charge in a hole. | 


Users of explosives should keep sheathed explosives available for these 
special applications; it is no known whether explosives manufacturers in 
the United States make sheathed explosives for these purposes, but undoubted- 
ly they would make them if a real demand should arise, The experience of 
Great Britain and Belgium with sheathed explosives appears to indicate that 
safety could be increased in connection with some abnormal types of blasting 
in the coal mines of the United States if sheathed explosives were used. 


CONDITIONS UNDER WHICH PERMISSIBLE EXPLOSIVES SHOULD BE USED 


Permissible Explosives Should Not Be eis in a 
Dangerous Percentage of Firedamp 


Decision l2 of the Mine Safety Board of the Bureau of Mines states; 


3. Before and following each shot in gassy and slightly 
gassy coal mines examination for gas shall be made with a per- 
missible flame safety lamp or permissible equivalent, and 
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4, If more than 1-1/2 percent of inflammable gas is found, 
in the quantity and by the method specified in Mine Safety Decision 
9, the place shall be considered to be in a hazardous condition 
and before another: shot is fired the gas shall be reduced by. -ven~ 
tilation below the percentage and quantity peer eres in Decision D5 


Decision 3 of the Mine Safety Board of the Bureau cf Mines ate tes: 


5. If the air in any unsealed eraces when sampled. or tested 
in any part of that place not nearer than 4 feet from the face and 
10 inches from ‘the roof, shall be found to contain = 


(a) More than 1-1/2 peneeut of inflammable gas, the pias: | 
shall be considered to be in hazardous condition and Tequire im- 
proved ventilation, and 


(bv) If more than 2-1/2 wareent of inflammable’ gas is founa: 
the place shall be considered dangerous, and only men who have 
been officially designated to improve the ventilation and are . 
property provecved shall remain in or enter said preces 


if control of ventilation were always 60 neniect: ‘that there would never 
be any inflammable gas in a place in which blasting is done the hazards of © 
gas or dust ignition with blasting would be confined to the ignition of in- 
flammable mixtures of dust and air, in itself no negligible hazard. HEx- 
perience has amply demonstrated that sich conditions are not attained in 
practice; far too frequently a dangerous percentage of gas or of gas and 
dust is present when shots are fired. After a gas ignition or a gas explo~ 
sion it has frequently been found that, although the place was tested and 
found clear of gas upon completion of charging the hole, during the interval 
between testing and firing the shot the ventilation was deranged by a fall, 
an open door, or otherwise, and atthe instant the shot was fired explosive 
gas was present; if several shots are fired one after another either with 
or without the use of delay detonators explosive gas or dust or both are 
likely to be present after the first shot is fired. Likewise, it is not 
uncommon to find after a gas ignition or gas explosion either that no test 
for gas has been made: or that testing has not been done properly; moreover 
blasting has been done when explosive gas was definitely known to be present, 
many persons through ignorance or otherwise placing undue confidence on the 
safety features = orae eras eee ees 


The blasting operation should be conducted. so that. rn ignition of gas 
will be as unlikely as is humanly possible - the place to be blasted should 


be adequately ventilated and carefully and properly tested for ges immediately 
before the shot is fired. 


Rock=dusting to guard against ignition of inflammable coal dust. — All 
coal dust, except possibly that from some grades of anthracite, is definitely 
inflammable; this fact should at all times be recognized, and dust ignition 
and propagation by gas explosion or directly by explosives should be preventec. 
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The Bureau has a record of a"bulldozing" shot which threw dust into 
suspension to be ignited by a live current used to ‘fire the shot of a per-— 
missible-branded explosive. The explosive was not in a borehole and was 
therefore not confined properly; hence it was not used in accordance with 
the permissibility requirements of the Bureau of Mines, Blockholing should 
have been done and the shot fired with a permissible shot-firing unit which 
provides an electric current not potent enough to ignite gas or dust. The. 
Bureau has a record of two other gas and dust explosions in which permis- . 
sible explosives were used; it was uncertain whether gas or dust was ignited 
(either may have been) and whether the ignition was caused by a blown~out 
shot or the electric current used for firing. The propagation of the explo~ 
sion by dust could have been eliminated or greatly restricted if rock-dusting 
had been adequate (see Bureau of Mines Report of Investigations 2606 and 
Information Circular 6030). Rock-dusting the rooms and scattering rock 
dust in the vicinity of shots, in addition to rock-dusting all entries, 
slopes, and passageways, probably would have prevented much of the damage in 
these instances. Rock-custing is very useful if snots are improperly con- 
fined in boreholes, if holes are not correctly placed, or inflammable gas 
is present, but it certainly should not be used as a "cloak" for dangerous 
practices in the use of explosives or of dangerous types of explosives to 
obtain less slack or more lump coal. 


Proper Confinement of Charze in Drill Hole 


In accordance with Decision 12, item 1, of the Mine Safety Board of 
the Bureau of Mines ~ 


1. Each charge shall be in a hole properly drilled and 
stemmed with incombustible material. 


The active list of permissible explosives as of August 1954 (Report of 
Investigations 3259) stipulates - 


4, That the quantity used for a shot does not exceed 
680 grams (1-1/2 pounds) and that it is properly confined 
with clay or other incombustible stemming. 


In other words, the charge of explosive must be so isolated from in- 
flammable gas or inflammable dust mixtures that the shot will not ignite 
these mI MUEOR 


It has long been recognized that one of the most hazardous conditions 
that attend blasting is a blown-out or "windy" shot, and this is likely to 
occur frequently when blasting off the solid. As shots in blowing out com 
monly tear away the collar of the hole and eject the stemming from it, this 
type of shot is considered exceptionally hazarddus. Unquestionably it is 
hazardous; so also are other types of blown-out shots. 


Shots that blow out through the collar of the hole may be prevented by 
blasting with an adequate number of holes and by not requiring the explosive 
to handle an excessive amount of burden; one way of accomplishing this is to 
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undercut cr hear the coal where at all feasible and to use enough of the 
most effective and efficient incombustible stemming material. The Bureau 
of Mines advocates that clay, sand, rock dust, or combinations of them fill 
the requirements because they are incombustible stemming materials. Re-— - 
cent tests in Great Britein have indicated that a 3:1 mixture of moist sand 
and clay "used neat" (that is, without a wrapper and prepared as “dummies") 
is not only an efficient but also a practicable and readily available type 
of incombustible stemming. If blown-out shots could be prevented mani- 
festly there would be no ignitions of gas or dust from this cause, regard-_ 
less of the kind or type of stemming used. 


Under some conditions shots may also blow out the back of the hole, 
ignite inflammable gas or dust, and fatally injure persons in the vicinity. 
As a precaution against this type of blown-out shot the back of all holes 
which approzch open working places ~ this is most frequent in "“holing 
through" crosscuts, rooms, or headings to adjacent workings ~ should as far 
as feasible be drilled so that as much stemming can be placed in the back > 
of the hole as in the front; that is, such holes should be considered as 
having two ends, each of which must be stemmed, In fact, when holing through, 
a hole frequently does have two open ends. 


In another type of blown~out shot the cherge is placed so close to a 
free face that when the snot is fired it blows out sidewise, downward, or 
upward because of the inadequate burden in that particular direction; with 
the possibility of igniting inflammable mixtures of gas or dust. If the 
bottom of the shot hole is placed too close to an undercut, overcut, or 
shear or if tnere is a crack or crevice or open cleat from the end or ap~ 
proximately the end of the hole to the undercut, overcut, or shear the shct 
may blow through with disastrous results. _ 


This condition is likely tc occur if dependent shots or possibly those 
using delay detonators with two or more delays to the same face are fired, 
because a previous shot has so dislodged, removed, or lcosened.what should 
have been the normal burden for the succeeding shot that the succeeding ‘shot 
may blow out. On occasian this burden may be removed to the extent that 
the succeeding shot is actually fired in the open. Moreover, a blown-out 
shot is likely to occur when two or more holes in the same working place are 
charged before the first hole is fired, even though each hole is fired sepa- 
rately. The best precaution to prevent a blown-out shot due to an adjacent 
shot is to charge and fire the first hole before the second hole is charged, 
to charge and fire the second hole before the third hole is charged, and so 
on until all shots in the place are fired. In this. way no improperly placed 
hole need be charged, and there will be no charged hole requiring a choice 
to be made between handling it as a misfired hole or firing it; Sometimes 
the safest procedure is to fire the several holes simultaneously. 


First-Class Condition of Explosive Required 
One of the permissible conditions of use of a permissible explosive is 
"that the explosive is in all respects similar to the sample submitted by 
the manufacturer for tests,]!! 
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Every explosive submitted to the Bureau of Mines for permissibility 
edie and placed on the active permissible list has certain basic chemical 
and physical characteristics. Chemically the components should be of the 

same kind and propcrtions and mixed in the sgme sequence and manner as the 
explosive on which the Bureau permissibility tests were made. Physically 
the explosive must fer each size of cartridge be within certain tolerances 
of weight and character of wrapper; have the same strength (unit deflective 
charge), rate of detonation, and poisonous gases; and be sensitive enough 
to detonation and not too sensitive to frictional impact. These attributes 
are a prerequisite and an assurance of the continuing permissibility of 
each brand of permissible explosive. Zach permissible explosive is sub~ 
mitted by the manufacturer and tested by the Bureau of Mines and may be 
checked from time to time by the Bureau, which on its own initiative may 
procure field samples of permissible explosives and check them against the 
various chemical and physical properties of the explosive as found in 
Bureau of Mines permissibility tests. The mamufacturers have garned a high 
reputation in this respect. However, the matter of permissibility of an 
explosive does not end here; the condition of explosive when.used may differ 
materially from that when received from the mamfacturer, as the condition 
of the explosive depends largely upon the manner in which it is stored. Ix~- 
perience has shown that substandard storage conditions injurious to explo~. 
sives are the rule rather than the excepticn. Explosives, particularly . 
permissible explosives, should be considered perishable commodities, as ex- 
tremes of heat, hign moisture, or long-time storage affect them adversely. 
“411 permissible explosives of the ammonium nitrate class absorb moisture 
readily in moist, damp, or wet places if the paper wrappers are broken and 
may become insensitive if stored thus for long periods, especially at tem 
peratures of 90° F. or higher. The absorption of moisture by the ingre- 
dients of the cartridge may in a very few days cause a portion of a broken 
cartridge to become so insensitive that complete detonation of the charge 
cannot be assured; this often results in misfires, partial misfires, or 

the burning of a portion of the charge or the entire charge rather than 
effective detonation. 


The operator or user should therefore: (1) Buy explosives in such 
quantities that they may be used promptly; (2) store the explosives in main 
Btorage magazines and distributing magazines so that the oldest stock of 
any brand may be used first: (3) use the older stock first; (4) transport 
and handle the explosives so that the wrappers are not broken, preferably 
in rugged containers such as boxes; (5) subject explosives to moist storage, 
especially underground, the shortest possible length of time ~ only the 
quantity of explosive estimated to be needed for use that day should be 
taken underground, and any left-over explosive should be returned to the | 
better surface storage at the end of the shift; and (6), if portions of cart~ 
ridges are used in a hole, use the remaining portion as promptly as possible 
and when charged in a hole place the cut end of this portion of the cart- 
ridge at the bottom of the hole. 
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Prevention of Mine Fires Caused by Explosives 


Numerous coal-mine fires have been caused by explosives or by the means 
used to fire the explosives. Such fires were particularly numerous many 
years ago when granular black blasting powder was used extensively and often 
improperly. Fleming and Ko ster®/ state: 


Furthermore, every mine in the district (Franklin County, 
Ill.) suffered from frequent fires from the use of black 
blasting powder, the coal igniting readily and there being some 
methane liberated at the face, At some mines as many as 25 
fires occurred nightly, following the firing of shots, and in 
two instances 40 were reported. The employment of fire runners 
to follow the shot firers and extinguish fires became necessary. 
Your to 10 men were employed for this work at each of the vari- 
ous mines, and the relatively small number of fires getting be- 
yond control speaks well of the efficiency and carefulness of 
these men and of the officials, | 


Fires caused directly by black blasting powder or by the fuse or squibs 
used to fire it and fires following mine explosions caused similarly were 
very expensive (see Bull. 137, p. 9); 


“«* o heavy expense must be charged against explosions 
and fires from the use of black blasting powder. *** an explo- 
sion occurred at shot-firing time, which killed the shot firers 
and set the mine on fire “*", Both shafts had to be sealed. 
The shafts were kept sealed for 120 days, and later the mine was 
flooded ***. The total loss due to flooding, suspension, and 
restoring the mine to working conditions was upward of $175,000. 


The operators and the miners agreed upon an improvement in the method 
of using black blasting powder, but this gave only partial relief from mine 
fires, which continued to occur at shot-firing time, even when black blast~ 
ing powder was used by expert miners under stringent regulations. The in- 
troduction of permissible explosives resulted in virtual elimination of 
mine fires caused during the shot-firing operation. However, some fires 
did occur with permissible explosives because of the use of excessive 
charges, little or no stemming, deteriorated (damp) explosives, mixed 
Charges in the same borehole, or fuse and "cap" instead of the electric 
blasting cap; in other words, the explosives were used in a nonpermissible 
manner, 


Granular black blasting powders continue to cause mine fires. In 1928 
@ mine in [llinois averaged 3 fires a-week from granular black blasting 
powder and employed fire runners; another Illinois mine was sealed in 1928 
because of a fire caused by granular black blasting powder. In 1929 an 


| 6/ Fleming, J. R., and Koster, J. W., The Use of Permissible Explosives in 


the Coal Mines of Illinois; Bull. 137, Bureau of Mines, 1917, p. 8. 
3484 - 2 


Google 


I.C. 6871 


Oxjahonm@ coal-mine fire was caused by granular black blasting powder shortly 
after this explosive had replaced a permissible explosive; and in 1982 ar 
Illinois mine was encountering fires following blasting with granular black 
hliasting powder. These are only a few of many available examples of rela- 
tively recent fires due to the use of granular black blasting powder. 


Many fires are dis caused by the use of that form of black blasting 
powder designated as pellet powder. In 1931: a fire occurred in an Indiana 
mine in spite of an inspection made by the shot firer after blasting, be- 
cause he failed to see the fire on account of the dense smoke; this was du- 
plicated in 1931 in another Indiana mine, In both instances fuse was used 
for firing the pellet powder, and the fires were not discovered until the 
second day after the shots had been fired. In other instances fires caused 
by pellet powder were brought under control either by fighting them directly, 
in some instances using respiratory protection, or by sealing the immediate 
area; in one case the pellet powder was fired electrically (electric squib). 
Recently men were suffocated when tuey encountered the irrespirable Eanes 
produced by a mine fire caused by blasting with pellet powder. | 


Mine fires are likely to be caused by any form of black blasting powder 
or by the improper use of permissible explosives; however, they may be pre~ 
vented by the proper use of permissible explosives. "Proper" use requires 
(1) permissible explosives in first-class condition; (2) adequate confinement 
of the charge in a properly placed hole by means of incombustible stemming 
(if the hole is properly. placed, the charge need not be excessive and will 
not blow out at side or back); (3) correct placement of a properly made 
primer: and (4) electric firing of the shot by means of electric current 
which is not potent (or hot) enough to ignite gas, preferably a permissible 
single-shot blasting unit. All of these: conditions have been discussed else- 
where in this circular. 


Electric Firing That Will Not Ignite Gas 


Among other provisions, the Mine Safety Board of the Bureau of Mines 
specifies (Decision 12) that - 


<. Each shot shall be fired separately by a permissible 
single-shot blasting unit ***, 


The active list of pemiesible explosives (Report of Investigations 
3259) specifies that electric firing must de done by means of a permissible- 
type blasting unit. 

Flectric firing has been specified because experience has denonstrated 
that the accidents resulting from electric firing, as practiced, are not as 
numerous as those resulting from the use of fuse or sauib. This statement 
Ls confirmed by Howell's? study of 446 accidents in the anthracite region, 


a A RN a Nt 
2/ Howell, S. P., Explosives Accidents in the Anthracite Mines of Pennsyl- 
vania, 1923-27; Bull. 326, Bureau of Mines, 1931, 93 pp. 
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by different methods of firing some 161,000,000 shots. The number of acci- 
dents per million shots when squibs were used was 12.2; when fuse was used, 
27; and when electric firing was employed, 1.9. 


During that period the percentages of shots fired by different methods 
used in tne anthracite region were as follows; By squib, 4.4 percent; by 
fuse, 53.5 percent; by electricity (electric blasting caps, electric squib, 
and otherwise), 42.1 percent; and by cordeau, much less than 0.01 of 1 per- 
cent, a ; 


Although electric firing unquestionably is much safer than blasting 
with fuse or squib, it also presents hazards peculiar to itself. Insofar 
as the ignition of gas is concerned a hazard arises from the ease with waicn, 
under certain conditions, an inflammable mixture of gas and air may be ig~ 
nited by an arc or spark anywhere along the firing line between the source 
of power and tie hole, | ‘ | 


The arc or spark may be produced by a floating skort circuit or from 
commotion at or near the face instantly following tne firing of the snot, 
bringing tne two leg wires of the electric blasting cap or wires of the fir- 
ing cable in contact and breaking this contact wnile voltage is still on 
the line. The breaking of this contact may be designated as a “oreak spark". 
the break spark will ignite gas only if the electric current is strong 
enough, but with permissible single-shot blasting units a break spark any- 
where along the shot-firing line is not kot or potent enough to ignite gas. 
Permissible single~shot blzsting units should therefore be used because they 
are safer as regards ignition of gas or dust and because they are provided 
with a safety contact, which guards against other types of accidents, par- 
ticularly premature blasts. . , 


Other sources of electric current, including low-capacity dry cells, 
which are not strong enough to ignite gas in case of a break spark are avail- 
able but are not permissible because they have not been provided with a 
safety contact. | : 


In order that the danger of using a source of electric current capable 
of producing a break spark strong enough to ignite gas may be fully. under- 
stood, consider the case of the powerful 10=hole manually operated, non- 
permissible magneto. If a single shot is fired the sequence of events is 
essentially as follows; The current is delivered to the firing circuit at 
the end of the stroke. In a few thousandtns of a second (milliseconds) 
the shot-firing circuit is open-circuited either by fusing the bridge with- 
in the electric blasting Cap or breaicing it by firing the electric blasting 
Cap. One or more milliseconds thereafter the shot wave set un by the shot 
is delivered to the surfece or the face of the material blasted ~ for ex- 
ample, the face of the coal, The commotion due to the blast may or may not 
Cause a spark from the legs of the electric blasting cap, the joints where 
the legs of the electric blasting can are attached to the firing cable, or 
along the cable by making contact end separating. Should the bare spots 
On the leg wires come in contact while tiere is still voltage on the line - 
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there will be voltage on the line if the armature is rotating ~a spark or 
are will be produced, and if inflammable gas or dust is present it probably 
will be ignited. One way to reduce this chance of ignition of gas to a 
minimm is to place the lez wires of the electric blasting cap that extend 
outside the hole, the joints, and the shot-firing cable so that any com- 
motion will not bring the two sides in contact; that is, they should be 
placed as far apart as is feasible. Moroover, the shot-firing cable and 
the leg wires of the electric blasting cap should contain the best insu- 
lation possible, and the joints should be staggered. To reduce the possi- 
bilities of spark or arc to a minimm, the joints should be staggered; 
there should be no bare spots on either of the leg wires of tne electric 
blasting cap or the shot-firing cable; and one joint should be removed as 
far as feasible from the otner joint of the line. 


Another means of preventing an arc or spark in electrical blasting, 
utilized extensively in Europe where the equivalent of permissible explo- 
sive is employed, is to equip these powerful 10-shot blasting units or 
blasting wnits of greater capacity with a timing switch of about 0.03 sec~ 
ond inside the case; it is thougnt in Europe that with reasonable precautions 
in connecting the cable to tre leg wires of the detonator, as previously 
specified here, and with voltage off te line within 0.03 second the chances 
of commotion with possible arcing at the face or in the open air are remote. 


Some Bureau of Mines engineers favor electrical firing of all shots in 
@ mine simultaneously from outside the mine when nobody is in it. 


Special Conditions Requirins Excentions to Single-Shot Firing 


Owing to the importance of certain hazards that attend the firing cf 
shots singly under some conditions tne Bureau of Mines, although in favor 
of firing shots singly as a rule, approves simultaneous multiple shot- 
firing under certain ponditiona:s/ : ) 


Each shot shall be fired separately by a permissible single- 
shot blasting unit ***, us 


Where more shots tiran one are to be fired in a working place 
of a mine, it is possible that under some conditions special hazards 
may exist in firing shots separately and inspecting between shots; 
in such cases simultaneous multiple shot-firing may be allowable, 
when permitted by the respective State mine regulations. This con 
dition may occur in steeply pitching workings or in working places 
where outbursts of gas may be released b,” snot, or where the roof, 
draw slate, or coal is so friable that despite use of usual good 
timbering methods falls are likely to occur after a shot, making 


8/ Mine Safety Board, Recommendations of the United States Bureau of Mines 
on Certain Questions of Safety as of February 3, 1933; Inf. Circ. 
6732, July 1933, pp. 19-20. 
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it dangerous to inspect. the roof and-to connect the firing leads 

. fer the next shot. This possible exception making choice of a 

-. lesser hazard does not mean that the Bureau of Mines recommends 
simultaneous multiple shot-firing when it is at all practicable 
to fire safely one snot at a time with careful inspection for gas 
and recf conditions before and after each shot. When multiple 
shot~firing is necessitated by the conditions it should be done 
by firing simultaneously with standard electric detonators. The 
use of fuse and (or) "delayed=action detonators", so called, is dan- 
gerous because of the possibility that a delayed shot may ignite 
gas or a Coal-dust cloud thrown out by a previous shot. 


No multiple shot-firing device for use in gassy Coal mines 
under this exception has been approved by the Bureau of Mines 
at the time of completing this paper (May 1935), but an investige- 
tion is being conducted to determine its feasibility; meantime, | 
when multiple simultaneous shot-firing is necessitated by the 
conditions, such available multiple shot-firing device should be . 
selected as will give as low-tension current as possible for fir- 
ing not to exceed six shots at a time, with duration of current 
of the smallest fraction cf a second. Under no circumstances 
should the power lines be used in blasting when men ere in tie. 
mine, 


Reason for Limiting the Charge per Hole. to 1-1/2 Pounds 


All permissible explosives have passed the exceedingly severo test of 
firing withcut ignition 1-1/2 pounds repeatedly into an inflammable mixture 
consisting of 4 percent natural gas, fine bituminous-coal dust, and air; 
this test places all permissible explosives essentially on a common competi- 
tive basis insofar as safety azainst ignition of gas or dust. is concerned. 
With an adequate mumber of properly placed hcles no hole for blasting in 
coal need be charged wita more than 1-1/2 pounds to do the work satisfactor- 
ily; much less than 1-1/2 pounds per hole should be used when feasible, and 
in many mines this is the practice. 


Because this limit - an arbitrary one ~- has been set, it is sometimes 
thought that the safety ef a permissible explosive is no greater than that 
of black blasting powder or dynamite when more than 1-1/2 pounds is charged 
per hole. Actual tests indicate that in general at.least 17 times as much 
permissible explosive as dynamite and at least 45 times as much permissible 
explosive as black blasting powder are required to place these explosives 
upon a safety equality; hence a large factor of safety still exists, even 
when considerably more than. 1-1/2 pounds of. permissible explosives is used 
per hole. If permissible explosives are confined adequately in. the bore- 
hole and the charge is proportioned to the burden the difference in safety 
between 1-1/2 and 2 pounds of permissible explosive is, in all probability, 
not much if any greater than the difference in safety between 1 and 1-1/2 
pounds of permissible explosive. 
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The weight of explosive per hole unquestionably should be kept as low 
as feasible to serve both safety and efficiency, and encugh holes should 
be used and so placed that no hole requires more than 1-1/2 pounds; however, 
if this is not possible permissible explosives even if used in quantities 
greater than 1-1/2 pounds per hole are still much safer than dynamite or 
black blasting powder under similar conditions. 


Amount of Stemming Required by a Charge 


The Bureau of Mines recommends that the shot be confined properly with 
clay or other incombustible stemming; an absolute minimum length of stemming 
should be required. It seems essential to safety that the length of stem- 
ming in no case should be less than half the length of the charge of explo- 
sive and never lesa than 2 feet. In many instances the hole should be stemmed 
to the collar. | | 


Time Between Firing of Nearby Shots 


Gas has been ignited by rapid firing of adjacent shots, cven with per- 
missible explosives. | | 


The hazard of rapid firing of nearby or adjacent shots lies in the re~ 
lease of explosive gas or dust by shots which have been fired and the firing 
of a later shot or shots in the presence of gas or dust, or both. Nearby 
shots therefore should not be fired in immediate succession unless enough 
time is allowed between each two shots for proper testing of the gas that 
may have been released by the first shot, for gas to be removed by the air 
currents, and for the fine, inflammable dust to settlc or be rendered inert 
by rock-dusting or be removed by ventilation.. Nearby shots are not neces~ 
sarily dependont shots, though they often are; the firing of nearby depen~ 
dent shots is rendered especially hazardous by possible blown-out shots and 
conseguent ignition of gas or dust, as the latter shot may nct have an ade- 
quate burden, the later shot may open a crack by the firing ef the preceding 
one, or the charge in the later hcle may even be cxposed by the first shot. 
Nearby shots that point toward cacn other should not be fired together 
because a blown-out shot following a good shot may cause an explosion if it 
spends itself cn the dust or gas, or both, released by the fired shot. 


Nearby shots may be fired too rapidly if fired with fuse, even though 
the two fuses are of supposedly equal length and are lighted simultaneously; 
likewise, they may be fired too rapidly if delay electric blasting caps are 
used, even though the delay is of the same period(fcr example, all first | 
delays). This is one reason why the Bureau considers the use of fuse in fir 
ing permissible explosives a nonpermissible practice and the primary reason 
why it considers the use of delay electric blasting caps as nonpermissible 
practice, 
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Safety in Breaking Boulders cr Rock Falls with Explosives 


If detachcd rocks or boulders are too larze or too tough to be broken 
with a sledge they may be blasted safely by using very small charges - 1/4 
to 1/2 cartridge of permissible explosive - by blockholing; a hole or holes 
should be drilled in the rock with bettom not too close to tne side of the 
rock away from that in which the hole is started, and each hcle should be 
stemmed with inconbustible material to the collaf. To insure greater safety, 
several pounds of rock dust should also be placed on the rock above the 
boreholes to act mainly as exterior stemming and to cool the flame of a 
possible blewn-out shot. 


In no case should bulldozing shots (mudcapped, adobe, crevice, groove, 
plaster, lay-on, "shock", or open shots) be permitted in any coal mine, as 
they are extremely dangerous, even where no explosive gas is present. Snots 
of this type should be prohibited, partly because they are inefficient but 
primarily because they ignite gas or dust so readily that even the use of 
rock dust or other incombustible material over the charge dces not insure 
that degree of safety to which men and mine are entitled. Certainly no 
shots of this type should ever be fired with the working shift in the mine. 


Harrington and Owings9/ have called attention to a number of explosions 
and other accidents from mudcapped shots in coal mines. Although high ex- 
plosives other than permissible explosives have usually been involved bull- 
dozing shots of permissible explosives have caused explosions. 


Bulldozing of rock or coal in place is just as hazardous as halidosins 
detached rocks or bculders; to insure safety in coal mines blasting should 
be done only with permissible explosives properly confined in boreholes. 


EXPERIENCE IN USE OF PERMISSIBLE EXPLOSIVES 


The following sections of this report include an estimate of the ex- 
perience in the use of permissible explosives, statements regarding the 
quantity of explosives used for blasting in coal mines, the percentage (es- 
timated) of coal blasted by permissible explosives, the percentaze (esti- 
mated) of shots of permissible explosives fired in hazardous places, such 
as gassy or dusty mines or gassy or dusty sections or places in mines, by 


comparison with otier explosives, and tne nunber of accidents caused di- 
rectly by the explosives. 


The record of gas or dust ignitions from black blasting powder, dyna- 
mite, and permissible explosives is taken from such reports as are avail- 
able to the Bureau of Mines. These data show that no permissible explosives 
when used in a permissible manner have caused an ignition of either gas or 
dust and that no gas ignition has occurred from permissible explosives un- 
less two cr more nonpermissible conditions existed during their use. 


9/ Harrington, D., and Owings, C. W., Explosions and Other Accidents from hué- 
capped Shots in Coal Lines; Inf. Circ. 6158, Bureau of Mines, 1939, 5 pv. 
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Explosives Used and Explosives Accidents, 1912-82 

In 1902 the first Nchort-flame" explosives were used in the United 
States, the quantity agzregating 11,300 pounds. In 1909 the first permis= 
sible explosives were used, the quantity sold reaching 9 million pounds; 
in 1913 more than 20 million pounds were used in coal mines. Comparison 
of the quantities of black blasting powder, high explosives (other than 
permissible explosives), and permissible explosives sold for use in coal 
mines from 1912 to 1932 show that sales of black blasting powder have al~ 
ways greatly exceeded sales of either high explosives or permissible explo- 
sives, Sales of black blasting powder declined slowly from 1912 to 1915, 
reached a maximm of 235,750,300 pounds in 1917, and fluctuated witn the 
erratic production of coal from 1918 to 1923, standing at 175,488,750 
peunds in the latter year; since 1923, however, they have decreased rapidly 
and rather uniformly, irrespective of whether the producticn of coal re~ 
mained high, as it did from 1923 to 1929, or whether the production de~- 
clined markedly, as it has done since 1929. In 1929 sales of black blasting 
powder aggregated 102,060,255 pounds and in 1932; 56,311,975 pounds. 


From 1912 to 1932 sales cf high explosives (other than permissible ex- 
plosives) for use in coal mines ranged from 37,828,979 pounds in 1925 to 
16,173,014 pounds in 1952. Since 1926 the quantity decreased steadily from 
35,228,899 pounds. A large proportion of the high explosives (mostly dyna- 
mite) now consumed in coal mining in the United States is used for rockwork 
in the Pennsylvania anthracite mines, | 


Sales of permissible explosives for use in coal mines of the United 
States increased from 1912 until 1926, when a maximum of 65,143,319 pounds 
was reached, and declined steadily to 31,532,816 pounds in 1932. Sales have 
fluctuated with total coal production, showing a decidedly upward trend un 
til 1929. Since 1915 the qantity of permissible explosives used in coal 
mines has exceeded the quantity of high explosives and since 1924 has been 
about twice as much. >» | 7 ¢ 


- Coal production increased markedly from 1914 to the 1918 peak of — 
678,211,904 short tons, was erratic until 1926, and declined markedly from 
1926 to 1932, except for 1929. In 1952 the production was 359,565,000 
short tons.O0bvinusly sales ef explosives for use in coal mines have kept 
close pace with coal production. | 


Table 1 shows the number of coal-mine fatalities in the United States 
involving explosives for the period 1916-31. These fatalities show a gen~ 
eral downward trend.from a maximum of 241 in 1919 (very high due to the 
Npowder" explosion in the Baltimcre No. 2 tunnel in Pennsylvania, which 
caused 92 fatalities) to a minimm of 47 in 1931; in general, the downward 
trend of fatalities from explosions coincides fairly closely with the re~ 
duction in the use of black blasting powder, although other factors have 
some significance, | 
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Table 1. ~ Number of coal-mine fatalities in the:United States 
involving explosives, 1916-51 


eatait ties from |! 


Fatalities due gas and dust | 


| 
| 
directly to explosives | explosions ; | 
Year due to ex- Total 
Under= On | -, plosives or 
eround surface | Total blasting 
1916 146 
igi? 110 
1918 135 
1919 206 
1920 131 
1921 142 5 
1922 . 93°” 9 
1923 115 @) 
1924 99 3 
1925 102 6 
1926 96 2 
1927 110 5 
1928 74 2 
1929 88 5 
1930 78 4 
1931 49 ys 
Total 1,765 0 
Average 110 6 116 | 34 150 — 
Percentage | 73.5 4 ee wie 22,38 100 .0 


The reduction in number cf: fatalities from coal—mine blasting is due 
largely to a reduction in underground fatalities caused directly by. explo- 
sives but is influenced favorably by a large proportional, but small. aggre- 
gate, reduction in fatalities on the surface directly attributable to ex» 
plosives and by a substantial reduction in fatalities attributable to dust 
and gas explosions initiated by explosives or blasting. (See table 1.) 
Underground fatalities in recent years have been decreased materially -owing 
to the use of proportionately less black blasting powder and dynamite, greater 
care in transportation and handling of all explosives, increased use of elec-— 
tric blasting, knowledge of the hazards of electric blasting (it dres-present 
hazards, particularly in connection with premature shots) and how to. guard 


against them, safer blasting methods, and probably better SEEN eee 
supervision. 


The reduction in the number of fatalities from gas and dust explosions 
caused by explosives and blasting in recent years is due partly tn increased 
use of permissible explosives, wider use of permissible explosives in danger- 
ous mines or in hazardous places (gassy or dusty, or both) in mines,. adoption 
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of rock-dusting in scme of the more hazardous mines or sections of mines, 

more intensive and wore intelligent inspection given the operating practices 
of many dangerous mines, better blasting practices, and efficient ventila- 
tion and gas testing resulting from improved instruction and supervision. 


Machine mining increases the efficiency of explcaives considerably, 
permits the use of relatively pmall charges, and tnerefore contributes 
largely to a reduction in the quantity of explosives used per 1,000 tons of 
coal mined; this in turn aids safety in the use of exnlosives, particularly 
where permissible explosives fired electrically are enployed skillfully and 
substituted for black blasting powder and dynamite. 


Mechanical loading, however, cften tends to increase the hazards of 
blasting by interfering with efficient ventilation, releasing firedamp rapidly 
through rapid extraction, creating a hazardous dusty aécndition, firing an 
increased number of shots daily in the sane place, using dependent shots or 
delay electric blasting "caps" or both, and usually requiring blasting during 
the main working shift. The most intensive and competent supervision of the 
blasting operation is required to prevent gas or dust ignitions and premature 
blasts when firing electrically, whica is hazardous with mechanical loading 
because the latter generally utilizes electricity as power close to places 
where holes are char¢g;ed and blasted. 


The proportionately greater increase in the use of permissible explo- 
‘gives in the anthracite region of Pennsylvania compared with bituminous-coal 
mines in the United States is shown in table 2 for 1917-32. Anthracite mines 
consumed 17 percent cf the total amount of permissible explosives used in 
Coal mining in 1917, a minimum of 15.9 nercent in 1920 and a maximum of 41.2 
percent in 1932; use of permissible explosives in bituminous mines fluctuated 
from a maximum of 76.0 percent of the total in 1922 to a minimm of %.7 
percent in 1952. It is significant that of the total quantity of permissible 
explosives manufactured 76.6 percent was used in coal mines in 1917 and 97.9 
percent in 1932; toe explanation cf this is that special explosives and ex~ 
plosives similar tc permissible explosives, but not sc denominated , are now 
used to a considerable extent in place of permissible explosives in metal 
and nonmetal mining and in railroad, quarrying, and other construction work. 


Table 2. - Percentage of total quantity of permissible explosives 
manufactured which was used in thracite and bitu- 
minous coal mines, 1917-321 


| 


ne ees rece ener arenes een eo eeee ce soe 
Percentaze used in _ il | Percentage used in - 
Year |Anthracite |Bitumineus-~ |All coalj Year jAnthracite!Bituminous-|All coal 


coal mines 


89 .6 

96.2 

95 .4 

94.3 

96.1 

97.3 

97 .7 

1924; 30.7 63.9 94.6 {11932 41.2 56 .7 97 9 

1/ This table does not indicate the relative amount of permissible and non- 
permissible explosives used in coal mines, or the relative amounts of 
coal produced by the different xinds of explosives. 
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EXPLOSIVES USED IN ANTHRACITE REGION OF FELNSYLVANIA, 1917-32 


The record of the amount of black prAstias sande: high explosives, 
and permissible explosives sold for use in the anthracite mines of Pennsyl- 
vania per 1,000 short tons of anthracite mined shows some highly significant 
trends. The quantity of black blasting powder sold per thousand tons of 
anthracite has decreased from a maximum of 359 in 1917 to a minimum of 152 
pounds in 1932; the quantity of high explosives has increased from 162 in 
1917 to a maximum of 323 pounds in 1927 end 1929 and has decreased since 
1929 to 226 pounds in 1932; the quantity of permissible explosives has in- 
creased steadily from 73.in 1917 to a maximum cf 269 pounds in 1932, al- 
though a reduction is noted for 1930. The trend in the use of black. blast- 
ing powder shifted upward in 1929 and 1930, owing largely to the increased 
use Of pellet powder, but since 1929 has been markedly downward. The down- — 
ward trend in use of high explosives per thousand short tons of anthracite 
since 1929 is due partly to the substitution of more powerful types of per- 
missible explosives in chute blasting but chiefly to a progressive reduc- 
tion of rock work. 


The increased use of permissible explosives in the anthracite region 
is an encouraging feature of the story of permissible explosives and of pro- 
gress in safety in anthracite mining. By 1926 the quantity of permissible 
explosives per 1,000 pounds in anthracite mining exceeded that of black blast- 
ting powder; by 1931 it equaled the quantity of hich explosives used, and in. 
1932 it exceeded the quantity of high explosives used. Its use has in- | 
creased because of more general recognition of the adaptability of permis-. 
sible explosives for all blasting purposes, a much greater safety in gassy 
places, fewer gas ignitions compared with black blasting powder, a substan- 
tial increase in electric blasting because of its freater safety, and the 
greater strength inherent in certain permissible explosives of the gelatine 
type. Many anthracite collieries use permissible explosives exclusively 
in blasting coal, and many collieries - in ‘some instances all the collieries 
of a State inspection district - fire all shots electrically. Incidentally, 
electric firing is the only logical method of firing shots where closed 
lights are used exclusively and an effort is made to keep matches and smok- 
ing out of the mine, inasmuch as the use of matches in smoking is a major 
cause of gas explosions in the anthracite region. However, use of electric 
firing and electric cap lamps and failure in the necessary measures to ex- 
clude matches and smoking are certain to result in gas ignitions in any coal 
Mines in which gas occurs, 


From 1917 to 1932 anthracite production varied materially, but the 
trend was generally downward - 99,611,811 short tons in 1917 to 49,855,221 
in 1932, with very low yearly production in 1922 and 1925. The low produc- 
tion in these years was made with much less explosives per 1,000 tons, pos- 
sibly because development work was discontinued temporarily, considerable 
coal, previously blasted, was drawn from full breast, and other means were ~ 
adop pted to decrease cost. : 
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The percentage of anthracite mined with permissible explosives was 
estimated on the following basis; Tnat 25 percent of the high explosives 
was used in coal mining including chute blasting, tnat virtually all black 
blasting powder and "permissibles" were used in blasting coal, and that in 
blasting coal 1 pound of permissible was equivalent to 1 pound of high ex- 
plosives and 1-3/4 pounds cf blaci: blasting powder. This estimate shows a 
progressive and rather uniform upward trend in the antnracite obtained 
through use of permissible exnlosives from 23 percent in 1917 to 65 percent 
in 1962. With full recognition of all the hazards attending the storage, 
handling, and use of black blasting powder, tne greater hazard of chute 
blasting with dynamite than with permissible explosives, and the assurance 
that electric blasting can be accomplished safely, the percentage of anthra- 
cite mined with permissible explosives fired electrically probably will in- 
crease steadily above the estimated 65 percent in 1922. The yearly varia- 
tions are shown in table 3, 
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TABLE 3, - Estimated quantity and percentage of explosives used by 


classes in anthracite and bituminous-coal mines in 
the United States, 1917-32 


| Anthracite mines 
| Pounds per thousand Percent of explosive 


tons sola for use Percent of 

Year | - | High | Black | High | Black | coal blasted Production, 

Permis-|explo- |blasting |Permis~ |explo-~ |blasting| with permis~- short tons 
sible | sive | powder | sible | sive | powder |sible explosive 

1917 73 23 99,611,811 
1918 vd 26 98,826,084 
1919 98 31 88,092, 201 
1920 95 32 89,598, 249 

1921| 132 38 90,473,451. 
1922} 132 4l 54,683,022 
1923! 156 43 93 , 339,009 
1924! 192 4D 48 87,926 , 862 
1925| 195 4) 51 61,817,149 
1926; 226 42 54 84,437,452 
1927| 235 43 55 80 ,095, 564 
19828| 251 41 58 76 , 734, 000 
1929! 262 4l 57 73,828,195 
1930] 247 4). 57 69,384, 837 
37. 61 59,645,652 


| 
CO 
Oa 
“2 
we) 
O 
Ye) 
2 
on 
en 
o 


49,855,221 


5.1 551,790, 563 
6.3 | 80.9 21 579,385, 820 
74.) - 964 25 465, 860,058 
7.21 78.3 24 568, 666,683 
7.3 | 75.7 28 415,921,950 
6.9 | 75.6 29 422, 268,099 
6.0 | 73.7 33 564, 564,662 
5.9 | 72.8 3A 483,686,538 
5.5} 70.8 37 520,052,741 
5.3 | 68.4 AO 573,366, 985 
5.6 | 66.1 43 517,763,352 
5,21 664 43 492,755,000 
5.9 | 64.2 45 534, 988, 593 
5.8 | 63.3 46 467, 526, 299 
5.3 | 66,1 43 382,089, 396 
6.4 | 68.0 40 309, 709,87 
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EXPLOSIVES USED IN BITUMINOUS-COAL MINES IN THE 
UNITED STATES, 1917-32 


The trend of the quantity of the three classes of explosives used per 
1,000 short tons of bituminous coal mined from 1917 to 1982 (table 3) was: 
‘For black blasting povder, a maximum of 462 pounds in 1917, an erratic de- 
crease to 272 pounds in 1923, a decided decrease to 154 pounds in 1930, and 
a slight increase from 152 pounds in 1931 tc 159 pounds in 1932; for high ex- 
plosives, an upward tendency from 22 rounds in 1917 to 82 pounds in 1920, a 
decrease to 12 pounds in 1931, and a slight increase to lo pounds in 1932; 
for permissible explosives, an erratic increase from 47 pounds in 1917 toa 
maximum of 81 pounds in 1927 and a decrease, rapid after 1930, to 60 pounds 
in 1932. 


The quantity of permissible explosives used in the coal mines of the 
United States has never equaled half the quantity of black blasting powder so 
used, although it approached the quantity of black blasting powder in 1930. 
Permissible explosives in general gained steadily on hign explosives from 1917 
‘to 1932, obviously because of the substitution of the former in rockwork and 
elimination of much of the rockywork in which high explosives would ordinarily 
be employed. Black blasting powder retains its supremacy in quantity used, 
largely because it costs less and can be (and generally is) fired with fuse 
or squib or even fuse and caps, each usually costing less than electric blast~ 
ing caps, and because most operators believe it will produce more lump coal 
or lumps of greater solidity and less slack coal than permissible explosives. 
Permissible explosives, however, if used skillfully, have no peer in producing 
lump coal in machine-mined places; elsewhere they are either on a par with 
black blasting powder or but little less efficient. Even under unfavorable 
conditions as to quality of coal produced the far greater safety of permissible 
explosives is a small price to pay for any relatively slight uneconomic feature 
that may be involved. Permissible explosives are used largely for blasting 
machine-mined coal, for blasting in gassy or dusty places, and for blasting 
top, bottom, or intermediate bands of rock in coal mining. .The great range 
of the strength charactcristics of permissible explosives favors their use for 


the variety of blasting conditions encountered in bituminous and lignitic 
mines in the United States. 


The percentage of bituminous ccal mined with permissible explosives 
was estimated on the following basis:. That all coal was mined with either per- 
missible explosives or black blasting powder, that 1 pound of permissible ex- 
plosive was equivalent to 1-3/4 pounds of black blasting powder, and that the 
permissible explosives used in blasting rock were more than compensated by 
the nigh efficiency cbtained with them in blasting machine-mined coal. This 
estimate shows that in 1917 about 19 percent of the bituminous coal was blasted 
with permissibles and that the percentage rose rather steadily to about 46 
percent in 1930 and then declined to approximately 40 percent in 1932. 


. Apparently permissible explosives have lost ground since 1930 in the 
bituminous mines in the United States but have gained in the anthracite region 
in Pennsylvania. , 
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PERMISSIBLE ee LOST VES USED UNDER —— CON heaewe 


Permissible explosives are more efficient, pound for pound, than black 
blasting powder, and where used under similar conditions the proportion of 
coal blasted with permissibles is aa utd for poLEeeinea 
cite and bituminous-coal mines. ee 


It is important, nowese to stress the fact that a large percentage 
of the coal from gassy or dusty mines is blasted with permissible explosives, 
The opportunities for gas or dust ignitions are therefore more frequent 
with permissible explosives than with either black blasting powder or dyna- 
mite; it is estimated that permissible explosives as now used have at least 
90 percent of these maximum opportunities to ignite gas or dust. In view 
of the hazardous ccnditions. which generally attend the use of permissible 
explosives and the nonpermissible conditions under which they frequently 
are used it would not be surprising if a large propcertion of the ignitions 
of gas or dust in coal mines were caused by permissible explosives; such, 
however, is not the case, as stated in the introduction to this circular. 


The Bureau of Mines has ; a record of 117 coal-mine explosions caused 
by explosives in the United 5tates from 1908 through 1932. Of these 12. 
were in anthracite mines and 105 in bituminous~coal mines; only 13 are 
Chargeable to permissible explosives used in a nonpermissible manner and 2 
— to permissible blasting devices used likewise. In these 117 explosions 
1, 136 meri were fatally injured and 235 men were nonfatally injured. 


Of the 13 explosions know to have occurred when permissible explosives 
were used (all in a nonpermissible way) 7 were gas explosions, 1 was a dust 
explosion, 4 were gas and dust explosions, and 1 was an air blast caused by 
a greatly overcharged shot. — 

; In all instances in: which gas or dust was ignited the explosives were 
fired in gas, but in each one of these instances as well as those in which 
dust was ignited additional nonpermissible conditions of usc = sometimes as 
many as three - were in effect. In 4 instances the shots were obviously 
likely to blow out, in 1 the hole was not stemmed to the collar, in 1 con 
hustible’ stemming was used, in 6 the shot was overcharged, in 1 and possibly 
2 adjacent shots were fired rapidly, using electric firing. In 1 instance 


a adjacent’ shots were fired rapidly by fuse, in 1 tests were not made for gzs, 


in 5°= all’ Eas ignitions - a nonpermissible shot-firing device was used. 
_and possibly the gas was ignited by the current used for firing electrically, 
‘in S*live currents were used for firing, and in 2 the charge was not ina 
boreHole (that is, they were peenaee Tee shots) . ; 


SUMMARY 
ora According to results of eallery ‘tests the factor of safety against 


ignition of inflammable gas by permissible explosives over black blasting 
powder is at least 45 and over common dynamite at least 17. 
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2. Experience has shown that no permissible explosives when used in a 
permissible manner have caused ignition of either gas or dust in any coal 
mine in the United States and that no gas ignition has occurred from permis- 
sible explosives except where 2 to 4 nonpermissible conditions existed dur- 
ing their use. 


3. Coal-~mine fatalities from explosives show a decidedly general down 
ward trend, frem a maximum cf 241 in 1919 to a minimum of 47 in 1931. The 
downward trend coincides fairly closely with the reduction in sales of black 
blasting powder. Gas and dust explosions due to explosives caused 22.8 per- 
cent of the fatalities from explosives in the period 1919-1, inclusive. | 


4, "The reduction in the number of fatalities from gas and dust explo- 
sions caused by exolosives or blasting is due chiefly tc the increased use of 
permissible explosives, particularly in hazardous places (gassy or dusty, or 
both); adequate rock-dusting in some of the more hazardous mines or sections; 
greater care in transportation and handling of all explosives; increasing use 
of electric blasting, with a knowledge of its hazards and how to guard against 
them; and better blasting practice (including ventilation and gas testing) re- 
sul ting from impreved ‘instruction and supervision, 


. ' Yo insure maximum safety in the use of permneerree seuienived: the 
initia should be observed: 
(a) Permissible explosives should be fired electrically, 
: as accidents are not as numerous when they are so fired as when 
fuse and blasting caps are used. 


(ov) The electrical current used for firing should not be 
potent enough ner ignite inflammable gas in the event of a break 
spark, 


(c) The safest blasting system is that of taking the explo- 
sive into the mine and loading it into the blasting hcles after 
the wrking shift-has left the mine and of firing all shots simul~ 

taneously from outside when nobody is in the mine. 


(d) Permiwaivic explosives should not be fired in a danger- 
ous percentage of Se 


(e) Ignition of inflammable Coal dust should be guarded 
against by’ the use of water on the cutter chain and on and at the 
face and by rockdusting. 


(f) Charges should be properly confined in borehcles and 
stemmed with incombustible material. 


(g) The explosive should be in first-class condition when 
used; in other words, deteriorated explosives should not be used, 
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(h) The charge of permissible explosive per hole should be 
limited to 1~1/2 pounds as a maximum, 


(i) The face should be properly prepared for pPlasting. 


(j) The primer should be properly prepared and located in 
the hole. 


(k) There should be an adequate number of praperly placed 
holes, each of adequate gage, to permit ready placement of the 
charge. A 


(1) Competent shot firers only should charge and tamp holes; 
the competence of such shot firers should be attested by a State 
certificate as mine examiner, fireboss, or foreman, As an alter- 
native the shots may be charged and the holes tamped under the 
immediate supervision of a man so qualified. The shot firers should 
at all times be under close supervision and discipline. 


(m) Beth before and after charging a hole the shot firer 
should assure himself by a suitable test, such as ene employing a 
permissible flame ‘safety lamp, that no explosive gan is present: if 
he finds gas in quantities that indicate danger thea hole should not 
be charged, and if he finds gas after the hole is eharged.the shot 
should not be fired. Holes may be charged and shote fired, however, 
after the gas has been removed by ventilation. 


(n) The methods of firing shots in coal mines in the order of 
preference are; Charging by shot firers after the working shift 
and firing from the surface with all men out of the mine; charging 
and firing by shot firers when all other men are out of the mine; 
Charging and firing by shct firers on the off shift; charging and 
firing by snot firers on the regular or main shift; charging by 
Miners during the shift and firing by shot firers when all other men 
are out of the mine; charging and firing by miners at the end of the 
soift or at some specified time during the shift, auch as midday. 
The method of charging and firing by miners at any time during the 
shift, although practiced in many mines, is neither safe nor efficient 
and therefore is the least preferred. 


(o) Except when firing from outside the mine, shots preferably 
should be fired singly by a permissible single~shot blasting unit, 
and nearby shots should not be fired inrapid succession. 


(p) Permissible shot-firing units (unless firing is done from 
the surface) should be used by either shot firers or miners. Such 
units provide electric current that is not potent enough to ignite 
€as or break sparks, and they do not have exposed. terminals which 


‘May Cause premature dlasts, 
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(q) The use of the power lines for blasting in coal mines is 
distinctly hazardous unless utmost care is taken; the power wires 
should not be used for blasting in ccal mines when men are in the 
mine. 


(r) Shet firers or miners should not return to the face too 
promptly after firing, as a single shot may under abnormal conditions 
explode? twice, the smoke and dust may so obscure the roof and face 
that approach is hazardous, or the noxious gases and fumes may not 
have been adequately diluted by ventilation and rendered harmless. 


(s) The electrical short circuit on the legs of the electric 
blasting cap snould not be removed until just before the leg wires 
are connected to the shot-firing cable. 


(t) The shot-firing cable should be at least 100 feet long; it 
should be kept in geod repair and snculd be detached from the source 
of the firing current at all times except at the instant that a shot 
is being fired. 


(u) Shots should be properly guarded, and the intention to fire 
should be declarcd in a standardized manner. 


(vy) Bulldozing or other open, unconfined shots should not be 
fired in any coal mine. 


6. Misfires may be reduced by selecting proper explosives and electric 
blasting caps, by keeping them in first-class condition through proper storage 
until used, by using the explosive before it has aged unduly, and by cerrect 
priming, charging, and firing of the explosive. 


7. In this circular an attempt has been made to estimate the present 
status of the use cf permiscible explosives, ccmpared with their use in pre- 
Vious years and with the use of nonpermissible explosives for anthracite, bi- 
tuminous, and all coal mines. 


8, Since 1915 the quantity of permissible explosives used in coal mines 
has always exceeded that of hign explosives, and since 1924 about twice as 
much permissible explosive as dynamite has been used. Sales of black blasting 


powder for mining purposes have always greatly exceeded sales of either high 
explosives or "permissibles." 


9. Permissible explosives are not unduly sensitive to frictional impact 
but are sensitive enough to detonation not to promote misfires: their sensi~ 
tiveness may be impaired by improper stcrage. 


10. Permissible explosives of classes 1 and 6 are not ignited readily, 
do not burn vigorously after ignition, and will not explode promptly upon 
ignition, The black blasting powders, however, do not exhibit any of these 
favorable characteristics, 
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11. The proper brand of permissible explosive should be selected for use, 
Permissible explosives have a wide range of physical characteristics and are 
adaptable to essentially every type of blasting in coal mines. The proporticn 
of prepared sizes of coal produced depends upon the skillful application of a 
suitable brand of permissible Pures 


12. Class Aor B (basis, sola of poisonous gases), preferably class 4, 
permissible explosives should be used in poorly ventilated places. 


13. The hazard of gas ignition can be reduced substantially by the use 
of "sheathed" permissible explosives. 


14, Neither dynamite nor any type cf dlack blasting powder should be 
used for any purpose in any underground coal mine; suitable types of permis~ 
sible explosives are available to perform any explosive function in any coal 
mine, The vastly superior safety qualities of permissible explosives over 
those of any dynamite or black blasting powder now available make it imperative 
that only permissible explosives be used in underground cca] mines, 
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